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ABSTRACT 
Calcula t ions  have been made of high-resolut ion atmospheric s l a n t  pa th  
t ransmission i n  the  l5p C 0 2  band, by d i r e c t  i n t e g r a t i o n  across  the  band. 
Mixed Doppler-Lorentz broadening has been used a t  pressures  lower than lOOmb 
and a method t o  e l imina te  the  Cur t i s  -Godson approximation has been developed 
and appl ied .  Comparison with band model ca l cu la t ions  show l a rge  d iscrepancies .  
Some app l i ca t ions  a r e  discussed, toge ther  with a n  o u t l i n e  of fu tu re  work. 
FORTRAN programs and t ransmission t a b l e s  a r e  presented i n  the  appendices. 
i x  
1. INTRODUCTION 
I n  recent  years  t h e r e  has been a growing i n t e r e s t  i n  atmospheric i n -  
f r a r e d  r a d i a t i v e  t r a n s f e r ,  with app l i ca t ions  t o  the  e a r t h  and o ther  p l ane t s .  
On the  e a r t h  these  app l i ca t ions  include t h e  inves t iga t ion  of r a d i a t i v e  heat-  
i n g  and cooling, and t h e  i n t e r p r e t a t i o n  of s a t e l l i t e  instrument measure- 
ments, while t he  composition, sur face  pressure,  temperature e tc . ,  of p lane tary  
atmospheres may be found from s u i t a b l e  remote radiometr ic  observat ions.  A t  
t he  same time the re  have been increas ing  demands on the  accuracy of ca lcu la-  
t i ons ;  broad band radiometers a r e  be ing  supplemented and replaced by i n s t r u -  
ments of much higher s p e c t r a l  r e so lu t ion  and photometric accuracy. 
One of t he  ch ief  problems s t e m s  from the  d i f f i c u l t y  i n  ca l cu la t ing  a t -  
mospheric t ransmission func t ions  due t o  molecular band absorpt ion.  
func t ions  a r e  genera l ly  obtained i n  one of two ways: 
These 
a. From l abo ra to ry  absorp t ion  c e l l  measurements. These a re  sub jec t  
t o  experimental  e r ro r s ,  which, i n  the  case of low concentrat ions of 
t he  absorbing gas, may be severe. Considerable ex t r apo la t ion  over 
temperature, pressure,  and pa th  l eng th  i s  requi red  before  appl ica-  
t i o n  t o  atmospheric condi t ions can be made. I n  addi t ion,  such t r ans -  
mission func t ions  have an  instrument response func t ion  b u i l t  in,  and 
t h e  s p e c t r a l  r e so lu t ion  i s  l i m i t e d  by t h e  measuring instrument. 
b. By t h e o r e t i c a l ,  ca l cu la t ions  us ing  band models. These a r e  genera l ly  
unsa t i s fac tory ,  f o r  reasons which a re  discussed i n  d e t a i l  i n  a l a t e r  
sec t ion .  They cannot be appl ied  t o  c e r t a i n  sec t ions  of t h e  absorp- 
t i o n  bands, which a r e  of extreme importance i n  t h e  upper atmosphere. 
The procedure adopted here w a s  t o  i n t e g r a t e  d i r e c t l y  across  the  band, 
us ing  t h e o r e t i c a l l y  ca l cu la t ed  l i n e  pos i t i ons  and s t r eng ths .  The accuracy 
of t he  t ransmission func t ion  i s  governed by our knowledge of t he  absorpt ion 
band s t r u c t u r e ,  The l5p C O 2  band was chosen because the  l i n e  pos i t i on  and 
s t r eng ths  a r e  known f a i r l y  accura te ly ,  whereas those of t he  r o t a t i o n a l  water 
vapor band, ozone etc . ,  a r e  l e s s  we l l  known, However, it should be emphasised 
t h a t  t he  method i s  qu i t e  general  and can be appl ied  t o  any absorbing gas. 
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2. LINE SHAPES 
The quest ion of l i n e  shapes i s  extremely important i n  the  c a l c u l a t i o n  
of atmospheric absorpt ion and must be adequately known before ca l cu la t ions  
a re  made. The theory governing t h e  shapes and half-widths i s  d i f f i c u l t  t o  
apply; furthermore experimental  work i s  hampered by such f a c t o r s  as the  
overlapping of l i n e s ,  the  d i f f i c u l t y  i n  obtaining s u i t a b l e  high-resolution 
instruments and t h e  e f f e c t  of instrument ape r tu re  func t ions  on the  spectra .  
However, t he re  i s  good evidence t o  support  the  use of t h e  Lorentz l i n e  shape 
where pressure broadening is  the  dominant f e a t u r e  and the  mixed Doppler- 
Lorentz l i n e  shape a t  lower pressures ,  
2.1 THE L 0 ” T Z  LINE SHAPE 
This has a very simple form and has the  g r e a t  advantage t h a t  it i s  
easy t o  d e a l  with a n a l y t i c a l l y .  
v, f o r  a s ingle  l i n e  s t rength,  S, centered a t  frequency, vo, i s  given by 
The absorpt ion c o e f f i c i e n t  a t  frequency, 
S CIL 
J[ (v-voj2+cIL2 
kv = - 
where CIL i s  the Lorentz half-width a t  temperature T, and.pressure p, The 
dependence of a~ upon these parameters i s  given by 
CIo a L  = 
Po 
a. being the  half-width a t  temperature To, and pressure pOe 
There a r e  references i n  the l i t e r a t u r e  t o  deviat ions from the Lorentz 
1 l i n e  shape i n  the f a r  wings of C 0 2  l i n e s .  I n  a r e c e n t l y  published a r t i c l e  
Winters e t  al., have given d e t a i l s  of experimental  measurements on the 4 . 3 ~  
C 0 2  band, 
the absorpt ion c o e f f i c i e n t  drops away much more sharply with frequency than 
i s  predicted by Eq. (l), and an empir ical  modification, which i s  almost ex- 
ponential ,  i s  given, However, it should be noted t h a t  these experimental 
r e s u l t s  were obtained f o r  N2-CO2 and 0 2 - C O 2  mixtures i n  which the  proport ion 
of C 0 2  was very high compared with the concentrat ion i n  the e a r t h ’ s  atmos- 
phere Moreover, the empir ical  modification was dependent on these concen- 
t r a t i o n s ,  It was decided t h a t  t he re  was no j u s t i f i c a t i o n  i n  a l t e r i n g  the 
Their  r e s u l t s  show t h a t  beyond about 5 cm-l from the l i n e  center,  
2 
l i n e  shape u n t i l  experimental  da t a  a r e  ava i l ab le  for lower concentrat ions 
For o the r  p lane tary  atmospheres, where t h e  C02 concentrat ion i s  much g rea t e r ,  
t he  quest ion must be reexamined. Much more important i s  the  uncer ta in ty  i n  
half-width. In  t h e  present  ca l cu la t ion  a l l  l i n e s  were assumed t o  have a 
half-width of 0.064 cm'l a t  298°K and a pressure of 1 atm (Kaplan and Eggers ).  
It i s  known t h a t  t he re  a r e  important v a r i a t i o n s  i n  half-width from l i n e  t o  
l i n e  (Madden3), bu t  not  enough i s  known t o  be taken i n t o  account i n  the  pres-  
e n t  ca l cu la t ions .  It i s  an a r e a  where a d e t a i l e d  t h e o r e t i c a l  and e x p e r b e n -  
t a l  inves t iga t ion  could be very use fu l .  
2 
I n  c a l c u l a t i n g  t h e  t r ansmiss iv i ty  due t o  a s ing le  l i n e  i n  a t h i n  atmos- 
pher ic  s lab ,  where t h e  temperature v a r i a t i o n  i s  so s m a l l  t h a t  it may be con- 
s ide red  isothermal,  Young4 has shown t h a t  t h e  Curtis-Godson approximation is  
capable of  a simple i n t e r p r e t a t i o n :  
mixing r a t i o  the  value of  k, i s  ca l cu la t ed  by s u b s t i t u t i n g  the  average pres-  
sure for the  l a y e r ,  It w i l l  be shown t h a t  t he  Curtis-Godson approximation 
may be e n t i r e l y  e l imina ted  by i n t e g r a t i n g  the  l i n e  shape with respec t  t o  
pressure 
f o r  an  absorbing gas with a constant  
Consider a plane p a r a l l e l  atmospheric s l ab  bound by pressure l e v e l s  
p1 and p2- The t r ansmiss iv i ty  of a path through t h i s  s l ab  i s  given by 
where u i s  the  o p t i c a l  mass a t  pressure p .  
Since the  mixing r a t i o  i s  constant  
du = c dp 
where c i s  cons tan t .  
Thus 
yv - exp ( - c ~ ~ ~  k, 
P1 
( 3 )  
Equation (3 )  i s  v a l i d  for any l i n e  shape. 
t e g r a l  may be evaluated a n a l y t i c a l l y .  
For c e r t a i n  s p e c i a l  cases t h e  in -  
I n  the  isothermal  s l a b  E q .  ( 2 )  shows 
3 
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t h a t  a~ depends d i r e c t l y  on pressure,  a~ = a1 p say. Equation ( 3 )  becomes 
5 c f .  Goody, page 233. 
The corresponding value us ing  the  Curtis-Godson approximation i s  
It i s  i n t e r e s t i n g  t o  compare the two r e s u l t s .  
the  l a t t e r  gives 
A t  the  l i n e  cen te r  ( V  = v ~ ) ,  
whereas Eq.  ( 4 )  y i e l d s  
For t h i n  s l a b s  
t i o n  i s  f a i r l y  
( i .e ., where the  value of pZ/p1 
9 P 1  
i s  near u n i t y )  the  approxima- 
good, b u t  not  f o r  t h i c k e r  s l a b s .  If p2 = 2pl  the C u r t i s - h d -  
son approximation gives  
and the pressure i n t e g r a t e d  value i s  
4 
while f o r  p2 = 9 p1 the  values a re  
and 
Fur ther  ou t  i n  the  wings the  d i f fe rence  aga in  becomes less. As ( v - v o )  
becomes l a rge ,  we can expand Eq .  ( 4 )  
(p; -p$ ) + higher order  terms 
2 a 
a1 
(PZ -Pi ) - 2( v-vo)4 
( 8 )  
and E q .  ( 5 )  becomes 
The f i r s t  terms i n  the  expansions a re  equivalent ,  while t he  d i f fe rence  i n  
the second terms i s  
A s  v-vo becomes l a r g e  t h i s  t e r m  becomes small., so t h a t  t he  Curtis-Godson 
approximation becomes good. 
A t  t he  l i n e  cen te r  t he  exac t  pressure i n t e g r a t i o n  gives  more absorpt ion 
bu t  away from the  cen te r  t h e  absorpt ion due t o  t h e  Curtis-Godson approxima- 
t i o n  i s  always g r e a t e r .  To compare the  t o t a l  absorpt ion for a s ing le  i so -  
l a t e d  l i n e  the  equiva len t  width, A ,  was ca l cu la t ed  f o r  a number o f  d i f f e r e n t  
values  of pl and p2. 
A i s  given by 
5 
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and by s u b s t i t u t i o n  of E q s .  ( 4 )  and ( 3 )  t h e  equiva len t  width f o r  t h e  pres-  
sure  in tegra t ion ,  A p 1 ,  and Curtis-Godson approximation ACG may be ca l cu la t ed .  
A s l i g h t  modif icat ion was made by s u b s t i t u t i n g  
and c a l c u l a t i n g  t h e  equiva len t  widths f o r  d i f f e r e n t  values  of Su from 10.0 
t o  1.0 x 10 cm- . -6 1 
The numerical eva lua t ion  of Ap1 was accomplished by Gaussian quadrature 
over a f i n e  mesh of subin terva ls ,  whose l eng th  depended on the  d is tance  from 
the  l i n e  center .  ACG was determined from t h e  Landenberg-Reiche formula. 
To check the accuracy of t he  quadrature technique, ACG was a l s o  ca l cu la t ed  
numerically and the  l eng th  of t he  subin terva ls  ad jus ted  u n t i l  c lose agree- 
ment was obtained with the  Landenberg-Reiche method. 
6 
The results agree with t~hose obtained by Kaplan, bu t  have been extended 
t o  include paths between a r b i t r a r y  pressure l eve l s ,  us ing  numerical in tegra-  
t i o n  techniques.  The value of ACG i s  always g rea t e r  than  Ap1 bu t  t he  d i f -  
ference becomes small  f o r  very l a rge  and very small  values  of Su and f o r  
values  of pz/p1 near un i ty .  
Figure 1 shows t h e  maximum e r r o r  i n  us ing  the  Curtis-Godson approxima- 
t i o n  between pressure l e v e l s  of  p mb and 1000 mb. 
e r r o r  i s  g r e a t e r  than  1%. 
used a s  pressure limits of one slab i n  the  f i n a l  ca l cu la t ions )  t he  e r r o r  i s  
a s  high a s  O.O3$, which i s  outs ide  the  l i m i t s  of accuracy requi red .  
maximum occurs f o r  Su = 0.6 em’. 
phere between 800 and 1000 mb,u 4 L  70 atm cm, g iv ing  the  maximum e r r o r  f o r  
S = 0.012 (atm cm)” em-’, a l i n e  o f  medium s t rength ,  important f o r  r ad ia t ive  
t r a n s f e r  i n  regions of t he  band away from the  center .  
For p < 330 mb the  maximum 
Even f o r  p = 800 mb (800 and 1000 mb were a c t u a l l y  
The 
For a v e r t i c a l  pa th  i n  the  e a r t h ’ s  atmos- 
Figure 2 shows a t y p i c a l  d i s t r i b u t i o n  of e r r o r  with values  of Su, i n  
t h i s  case f o r  paths  between 10 and 100 mb. The e r r o r  i s  g rea t e r  than ha l f  
a percent  f o r  values  of Su ranging over more than  two orders  of magnitude. 
Reasons f o r  t he  success of t h e  approximation i n  dea l ing  with the  Lorentz 
l i n e  shape a re :  
a .  I n  many cases  the  center  o f  the  l i n e  i s  completely blacked out. 
6 
b. For a weak l i n e  the  absorpt ion i s  almost independent of t he  l i n e  
4.0 - 
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Fig, 1. 
tween p and 1000 ab. 
Maxi” e r ro r  in using Curtis-Godson approximation f o r  paths be- 
LOGIO(SU) (Su IN cm-'1 
Fig. 2 .  E r r o r  i n  Curtis-Godson approximation f o r  paths between 10 and 100 ab. 
shape-it  depends only on the  l i n e  s t r e n g t h  and t h e  o p t i c a l  mass 
of t he  path.  
For intermediate  cases,  where s t rong  absorp t ion  takes  place near t h e  
center  of t h e  l i n e ,  b u t  complete absorpt ion i s  not  present ,  t he  pressure 
in t eg ra t ion  method suppl ies  a much higher  degree of prec is ion .  Because 
the present  ca l cu la t ions  were made with a high degree of accuracy, the  
Curtis-Godson approximation was excluded i n  favor  of t he  pressure in tegra-  
t i o n  method. 
2.2 MIXED LINE SHAPE 
A s  t he  atmospheric pressure decreases  t h e  Lorentz half-width becomes 
l e s s  and the  inf luence cf Doppler broadening becomes more marked. For t he  
l5p C 0 2  band t h e  Doppler and Lorentz half-widths a r e  equal  a t  about 10 mb 
and a t  lower pressure  the  Doppler half-width i s  t h e  g rea t e r .  Thus, over a 
wide range of atmospheric pressures  it i s  necessary t o  consider  t he  mixed 
Doppler-Lorentz l i n e  shape 
The absorp t ion  c o e f f i c i e n t  f o r  mixed broadening i s  given by 4,6 
where 
The Doppler half-width, aD, depends l i n e a r l y  on frequency and l i n e a r l y  
on the square r o o t  of t he  absolu te  temperature,  T .  
M = molecular weight 
9 
The Doppler absorpt ion c o e f f i c i e n t  i s  given by 
k, = ko exp(-x2) 
A s  the  pressure becomes s m a l l ,  a~ tends t o  zero and Eq. (11) reduces 
t o  the Doppler case.  
and i n  the  l i m i t  becomes Eq. (1). 
Similar ly ,  f o r  l a r g e  pressures  aj-,/a~ becomes l a r g e  
The i n t e g r a l  (11) cannot be eva lua ted  a n a l y t i c a l l y  and numerical method 
must be used. Although t h e r e  i s  no d i f f i c u l t y  i n  obtaining as  accurate  a 
value a s  desired,  it i s  not an easy t a s k  t o  f i n d  an e f f i c i e n t  way t o  c a l -  
cu la te  i t s  value, bear ing  i n  mind t h a t  t h i s  may have t o  be done many times 
f o r  d ' f f e r e n t  values of x and y i n  the course of a s ingle  computer program, 
Young has summarized the methods ava i l ab le  and has now improved h i s  tech-  
nique, r e s u l t i n g  i n  an e f f i c i e n t  subroutine (KNUMM) over wide ranges of 
values of x and y which a r e  encountered i n  the e a r t h ' s  atmosphere, 
6 
Because of the a n a l y t i c a l  d i f f i c u l t i e s  involved, it has general ly  been 
assumed i n  the  p a s t  t h a t  Doppler e f f e c t s  may be neglected i n  t e r r e s t i a l  
r a d i a t i v e  t r a n s f e r  c a l c u l a t i o n s ,  
or very s t rong  l i n e s  i t s  influence was neg l ig ib l e  up t o  a l t i t u d e s  of a t  l e a s t  
50 km, bu t  were not able  t o  reach any conclusion for l i n e s  of intermediate 
s t r eng th .  Accordingly, an i n v e s t i g a t i o n  w a s  conducted t o  determine the  
values of pressure over which it i s  necessary t o  use the mixed l i n e  shape. 
In  t h i s  a n a l y s i s  homogeneous paths of constant  temperature and pressure 
were chosen. The equivalent  width, A, of a l i n e  of  s t r e n g t h  S, and path of 
o p t i c a l  mass u, w a s  computed f o r  a number of d i f f e r e n t  pressures  p, us ing  
both the Lorentz and mixed l i n e  shapes. I n  addi t ion,  the s t rong  and weak 
l i n e  approximation were evaluated and compared with the  equivalent  widths 
Plass  and Five18 showed t h a t  f o r  very weak 
The r e s u l t  f o r  p = 0 - 5  mb i s  i l l u s t r a t e d  i n  F ig ,  3 -  I n  general  it 
agrees with Plass  and F i v e l J 8  namely, t h a t  f o r  very s t rong  l i n e s  the s t rong  
l i n e  approximation, Ass Lorentz equivalent  width, AL, and m.ixed equivalent  
width, AM9 a r e  coincident,  and t h a t  f o r  very weak l i n e s  the weak-line ap- 
proximation, Aw, i s  equal  t o  AL and AM* 
havior i s  qui te  i n t e r e s t i n g .  
Between these two extremes the be- 
F i r s t l y ,  AW i s  an upper bound f o r  bo th  the  mixed and Lorentz equivalent  
width, In  f a c t ,  it i s  easy t o  show t h a t  t h i s  r e s u l t  i s  t r u e  f o r  an a r b i t r a r y  
l i n e  shape. Since 
kvu > 0 f o r  a l l  v and u - 
-kvu 
1 - e  5 k,u 
The r e f  ore 
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and frequency 700 cm-1. 
Equivalent widths f o r  homogeneous paths a t  0.5 mb pressure, 250°K, 
l11l1l1l111111 I I1 I I 
i . e . ,  A - < AW 
Secondly, AS i s  an upper bound for AL, b u t  not  f o r  AM. For intermediate 
values of Su the  value of AM i s  almost t h r e e  t imes the values of AL and AS. 
A s  Su increases  AM approaches AS from above, while AL approaches AS from be- 
low . 
A t  higher pressures  these  c h a r a c t e r i s t i c s  a r e  maintained, although t h e  
d i f f e rences  decrease i n  magnitude. Above 20 mb, however, the s t rong-l ine 
approximation i s  an upper bound f o r  bo th  the  mixed and Lorentz absorption. 
To minimize computation time, it i s  important t o  know the pressures  
where pure Lorentz broadening may be used and where it is  necessary t o  use 
the mixed Doppler-Lorentz, 
widths f o r  a number o f  pressures  have been p l o t t e d  i n  Fig.  4. They vary from 
60$ t o  0.5 ab t o  0.0$~ a t  100 mb. 
Lorentz broadening above 100 mb and mixed Doppler-Lorentz a t  lower pressures .  
The maximum e r r o r s  (over  a l l  Su) of the equivalent  
The c r i t e r i o n  adopted was t o  use pure 
It i s  possible  t o  apply the Curtis-Godson approximation t o  the mixed 
It w i l l  be shown t h a t  it l i n e  shape a s  we l l  as pure pressure broadening. 
can be el iminated i n  the same way, although the  a n a l y s i s  i s  necessa r i ly  more 
complicated. 
Equation ( 3 )  i s  again the  appropriate  one t o  use and t h i s  n e c e s s i t a t e s  
the evaluat ion of the  i n t e g r a l :  
-e 
at  dp e Jp2 k, dp - 
y2+( x - t ) 2  
P 1  P1  
There a re  two obvious approaches t o  i t s  eva lua t ion .  
a .  Evaulation of Eq.  ( 6 )  us ing  the subroutine KNUMIX, and applying 
Gaussian quadrature t o  the pressure i n t e g r a l .  
b. The order  of i n t e g r a t i o n  may be reversed: 
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pressures.  
Maxi" e r ro r  i n  equivalent widths using Lorentz broadening a t  low 
Il 111ll1ll11 I1 Ill Ill I II I1 I 
Again the  assumption i s  made of  an isothermal  s l a b .  
dependent term and may be w r i t t e n  i n  the  form 
y i s  the  only pressure  
Y = YOP 
Subs t i t u t ing  
This i n t e g r a l  shares  many of the  c h a r a c t e r i s t i c s  of E q .  (11). The 
integrand has a sharp maximum a t  t = x and any method of numerical i n t eg ra -  
t i o n  must be capable of reproducing t h e  e f f e c t  of t he  peak i n  the  neighbor- 
hood of t = x.  Hermite-Gauss quadrature i s  t h e  obvious method, bu t  f o r  
values where lv-voI < .OO; cm-l and p < 10 mb, the  i n t e g r a l  does not con- 
verge as the  number of po in t s  of quadrature approaches 2 0 0  It was found 
t h a t  two methods could be employed i n  t h i s  region.  
F i r s t l y ,  t he  i n t e r v a l  ( -..,a) was d iv ided  i n t o  sub in te rva l s  whose 
l eng th  was dependent on the  d is tance  from t = x. By t ak ing  s m a l l  i n t e r v a l s  
around t h i s  po in t  and success ive ly  l a r g e r  ones as the  d is tance  increased, 
the i n t e g r a l  could be success fu l ly  eva lua ted  by Gaussian quadrature.  With 
the  subdivis ions used, t he  s i x t h  s i g n i f i c a n t  figure was always t h e  same f o r  
10- and 16-point quadrature,  over a wide range of x and p. 
overlap with t h e  20-point Gauss-Hermite quadrature showed agreement between 
the  two methods, with the  discrepancy i n  the  s i x t h  s ign-if icant  f i g u r e  never 
exceeding one. Whereas the  Gauss-Hermite quadrature i s  f a s t  and e f f i c i e n t ,  
the  method of subdiv is ion  i s  slow and ted ious .  A quicker so lu t ion  was 
sought. 
Those regions of 
A s  an e f f i c i e n t  method of eva lua t ing  Eq. (11) was a l ready  ava i l ab le  
(subrout ine KNUMM), Gaussian quadrature of t he  mixed l i n e  shape i n t e g r a l  
with respec t  t o  pressure was inves t iga ted .  Two-point Gaussian quadrature 
was found t o  give a high degree of accuracy, almost a s  good a s  the  sub- 
d iv i s ion  technique, with a much smaller  exec.ution t ime. 
For I v-vo I > 0 0 2  cm-l or p > 100 mb pressure broadening was found t o  
be s u f f i c i e n t l y  accurate  and much f a s t e r .  
14 
To summarize, th ree  d i f f e r e n t  methods were employed t o  evaluate  the  
appropriate  pressure in t eg ra t ed  l i n e  shape. They a r e  i l l u s t r a t e d  i n  Fig.  5 .  
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Fig .  5 .  Regions of v a l i d i t y  of l i n e  shape in t eg ra t ion  methods. 
Region I. 2-point Gaussian quadrature of t h e  rnixed l i n e  shape i n t e g r a l .  
Region 11. 20-point Gauss-Hermite quadrature of E q .  (15).  
Region 111. Pressure broadening only, us ing  Eq.  ( 4 ) .  
Work continues t o  f i n d  b e t t e r  methods of p a r t i c u l a r l y  i n  Region I where 
execut ion time i s  g r e a t e s t .  
L 
3 .  BAND MODELS 
Because of t h e  great complexity of molecular absorp t ion  bands it has 
become a widespread. p r a c t i c e  t o  c a l c u l a t e  atmospheric absorpt ion with the  
he lp  of band models. They assume t h a t  t h e  l i n e  pos i t i ons  and s t r eng ths  are 
d i s t r i b u t e d  i n  a way t h a t  gives  a simple s o l u t i o n  f o r  t h e  t ransmission func- 
t i on ,  averaged over some i n t e r v a l .  The most commonly used band models a re :  
a ,  The E l s a s s e r  or r egu la r  mode16J9 assumes s p e c t r a l  l i n e s  of equal  
i n t e n s i t y ,  equa l ly  spaced and with i d e n t i c a l  half-widths.  The 
t ransmission func t ion  is  averaged over an  i n t e r v a l  equal  t o  the  
spacing between the  l i n e  cen te r s .  
I n  t h e  s t a t i s t i c a l  or random model, 6910 o r i g i n a l l y  developed f o r  
water vapor, t he  pos i t i ons  and s t r e n g t h  of t h e  l i n e s  a r e  given by a 
p r o b a b i l i t y  func t ion-  
The random-Elsasser model' which assumes a random superpos i t ion  
of d i f f e r e n t  e l a s s e r  bands 
b .  
c .  
d. The quasi-random model.'' 
and i s  capable of f a i r l y  accurate  r ep resen ta t ion  of t h e  band pro- 
vided the  averaging i n t e r v a l  i s  made s u f f i c i e n t l y  small  
This i s  by f a r  t he  b e s t  ava i l ab le  model 
There a r e  fundamental ob jec t ions  t o  t h e  use of band models i n  accurate  
t ransmission ca lcu la t ions .  
a .  The s p e c t r a l  r e s o l u t i o n  with which t h e  ca l cu la t ions  can be made i s  
l i m i t e d  i n  most models, e.g. ,  f o r  t he  E l s a s s e r  model it i s  a mul- 
t i p l e  of  t he  l i n e  spacing, Where the  r e so lu t ion  i s  not  l i m i t e d  
( e  .g., quasi-random) t h e  amount of c a l c u l a t i o n  requi red  f o r  high 
r e so lu t ion  i s  l a rge .  
b ,  The so lu t ions  l o s e  t h e i r  simple form. when mixed broadening i s  i n -  
troduced i n  place of the  l e s s  complicated pressure broadening. 
c .  By t h e i r  very  nature  t h e  models a r e  such t h a t  they  can only sim- 
u l a t e  t h e  a c t u a l  l i n e  i n t e n s i t i e s  and d i s t r i b u t i o n s  e For instance,  
a cursory glance a t  the  l5p C 0 2  band w i l l  show t h a t  ne i the r  the  
random nor t h e  r egu la r  band adequately descr ibes  the  s i t u a t i o n .  
This i s  p a r t i c u l a r l y  t r u e  f o r  regions such a s  the  main Q-branch a t  
667.4 cm-l, where the  d i s t r i b u t i o n  i s  d e f i n i t e l y  not  random o r  
r egu la r .  
p a r t i c u l a r l y  i n  the  upper atmosphere 
This &-branch i s  very important f o r  r a d i a t i v e  t r a n s f e r ,  
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d. It i s  d i f f i c u l t - i f  no t  impossible-to avoid the  use of t h e  Cur t i s -  
Godson approximation. 
The quasi-random model has done much t o  remove t h e  objec t ions  above; i n  
f a c t ,  a s  t he  width, 6 ,  of t h e  averaging interxrals tends t o  zero, t he  model 
d i s t r i b u t i o n  approaches the  a c t u a l  d i s t r i b u t i o n ,  However, i f  6 i s  small  t he  
advantage of us ing  the  model disappears  and the  ca l cu la t ions  become increas-  
i ng ly  lengthy.  
have used 5 cm-l f o r  t he  value of 6, b u t  t h i s  i s  too  l a rge  i n  some of t he  
regions of g r e a t e s t  i n t e r e s t .  
ample, near ly  a l l  t he  very  s t rong  l i n e s  a r e  concentrated a t  one end of t h e  
i n t e r v a l ,  between 667.4 and 667.5 
randomly d i s t r i b u t e d  throughout t h e  i n t e r v a l ,  s e r ious ly  ove r e  s t h a t  i ng  t h e  
absorpt ion.  
I n  extensive computations of C O 2  t r a n m i s s i o n ,  S t u l l  e t  a1 , , l 2  
I n  the  i n t e r v a l  en tered  a t  665 cm', for ex- 
Yet t he  model assumes them t o  be 
With increas ingly  soph i s t i ca t ed  instruments  coming i n t o  general  use, 
it has become apparent t h a t  a more accura te  approach must be made, A t  t he  
time when band models were introduced it w a s  impossible t o  make complicated 
ca l cu la t ions  arld hence the  grcwth i n  popular i ty  of the  mcdels. In  recent  
years ,  with the  advent of high-speed d i g i t a l  computers with l a rge  s torage 
capac i t ies ,  the  s i t u a t i o n  has changed r a d i c a l l y .  With a s u i t a b l y  e f f i c i e n t  
program it i s  now poss ib le  t o  make t ransmission ca l cu la t ions  by i n t e g r a t i n g  
d i r e c t l y  with r e spec t  t o  frequency. Accordingly, ca l cu la t ions  have been made 
without t he  use of a band model; they cover t h e  e n t i r e  l5p CO2 band, from 
500 t o  859 eme1, and are averaged over 0.1 cm-l i n t e r v a l s .  This high rt.solu- 
t i o n  has the  a d d i t i o n a l  advantage t h a t  t h e  t raasmiss ion  func t ion  may be 
averaged over l a r g e r  i n t e rva l s ,  t ak ing  i n t o  account instrument response 
func t ions .  An example of such an app l i ca t ion  i s  given i n  a l a t e r  s e c t i o n ,  
The ca l cu la t ions  were made of the  t ransmission from a poin t  outs ide 
the  e a r t h ' s  atmosphere down t o  a t o t a l  of 3L pressure l eve l s ,  ranging from 
0 - 3  mb t c  1013.25 mb, S lan t  paths  f o r  s i x  zen i th  angles  wer.e used, 0, 15, 
307 45> 60, and 7 5  degrees ,  The atmosphere was assumed t o  be plane p a r a l l e l ,  
with a constant  mixing r a t i o  of 0.0314% by volume of C O z .  The atmos h e r i c  
temperature s t r u c t u r e  used was the  2. 2. Standard Atmosphere, - Test  
ca l cu la t ions  were made f o r  d i f f e r i n g  temperature s t r u c t u r e s  and t h e i r  e f f e c t  
cn the  t r ansmiss iv i ty  w i l l  be discussed rfn a l a t e r  s ec t ion  of  t h i s  r epor t .  
4. CALCULATION DETAILS 
The pos i t i on  and s t r eng th  of some 2000 l i n e s  i n  t h e  1511 CO2 band have 
been l i s t e d  by 
Young k indly  provided a dupl ica te  card  deck. 
a t  s ix  temperatures between 175" and 300°K. D r .  
This deck w a s  modified i n  two ways: 
a. Where two or more l i n e s  had a coincident  frequency, they  were 
rep laced  by a s ing le  l i n e  whose i n t e n s i t y  was t h e  sum of t h e  
separa te  i n t e n s i t i e s .  
b. It was found from tes t  ca l cu la t ions  t h a t  on ly  those l i n e s  whose 
i n t e n s i t i e s  were g rea t e r  than 1,O x cm'l (a tm cm)-l a t  2 n ° K  
had any marked inf luence outs ide  t h e  0,1 cm-l i n t e r v a l  within which 
they  were contained. Therefore the  deck was s p l i t  i n t o  two pa r t s ,  
conta in ing  982 s t rong  l i n e s  and 1008 weak l i n e s ,  r e spec t ive ly .  
These s t rong  and weak l i n e s  were t r e a t e d  i n  r a t h e r  d i f f e r e n t  ways 
by t h e  main program. 
4.1 STRONG LIMZS 
Beyond 0.2 cm-l from the  l i n e  center  t he  pressure broadening completely 
dominates t h e  l i n e  shape, f o r  a l l  atmospheric temperatures and pressures ,  
and hence t h e  absorp t ion  coe f f i c i en t ,  kvs f o r  a l i n e  of s t rength ,  S, may be 
w r i t t e n  
s aL 
II ( A V ) ~ + C X L ~  
k, = - 
2 
Whenever(%) < 1 t h i s  may be expanded a s  
aL2 + higher  order  terms 3 k, = -7 1-- fl ( A , )  aL ( 
Now 
aL < -07 cm-l , 
so t h a t  t he  e r r o r  i b  neglec t ing  the  term ( a ~ ~ / A v ~ )  i s  l e s s  than 1 p a r t  i n  
lo-', provided t h a t  / A , ]  > 7.0 cm-l ( f o r  most values  of pressure  the  e r r o r  
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i s  much l e s s  than 1 p a r t  i n  Hence f o r  
> 7.0 cm-1 
the  approximation 
- s 
n A.v2 kv - 
was used. 
For each 1 cm-l i n t e r v a l  t he  sum 
was ca l cu la t ed .  The sum was taken over a l l  s t rong  l i n e s  a t  a d i s tance  
g rea t e r  than 7 * 5  cm-l from the  center  of t he  i n t e r v a l ,  and was computed f o r  
th ree  values of vo, t he  center  and the  two end po in t s  of t h e  i n t e r v a l ,  as 
wel l  a s  f o r  s i x  temperatures,  T j ,  175" t o  3 0 0 ° K  i n  Z'5OK s teps .  I n  order  t o  
f i n d  the  value of SM( T, v )  th ree-poin t  Lagrange i n t e r p o l a t i o n  over both  
temperature and frequency was empl.oyed. 
The approximation (17) can be used f o r  many values  of lAvl < 7 cm-la 
If lAvl  < .OOg pJ where p i s  t h e  pressure i n  mb, Av i n  cm-1, t he  e r r o r  i n  
us ing  (17) i s  l e s s  t han  1 p a r t  i n  5 x 10-5 and t h i s  i nequa l i ty  w a s  adopted 
a s  a c r i t e r i o n  f o r  the  use of  approximation (17) 
nitude of t h e  expression S / ( A V ) ~  was s u f f i c i e n t l y  small  (< 0.001) the  E q ,  
(17) was employed. 
I n  addi t ion ,  i f  the  mag- 
It should be emphasized t h a t  these  approximations a r e  an  e s s e n t i a l  p a r t  
of  t he  ca l cu la t ions .  
n a t u r a l  logarithm, would have t o  be eva lua ted  f o r  each s t rong  l i n e  a t  each 
pressure l e v e l  and each frequency, v, a procedure which would be p roh ib i t i ve ly  
time consuming. The approximations were checked both t h e o r e t i c a l l y  and i n  
a c t u a l  ca l cu la t ions  over small  t e s t  por t ions  of t h e  band, with s a t i s f a c t o r y  
r e s u l t s  i n  a l l  cases .  
Without them the  expression i n  Eq.  (4), involving a 
Where the  use of Eq.  ( 4 )  could not  be avoided it was found t h a t  t h e  
logari thm could be w r i t t e n  i n  the  form 
where, i n  t he  major i ty  of cases9 x w a s  small. 
pansion w a s  u.sed t o  eva lua te  t h e  logarithm, it being  both  quicker  and 
For x 1. 0.2, a simple ex- 
f r equen t ly  more accurate  than the l i b r a r y  subrout ine.  For x > 0.2 the 
l i b r a r y  subroutine was used. This app l i e s  t o  a l l  places  i n  the program 
where the  func t ion  I n ( l + x )  had t o  be evaluated, f o r  example the evaluat ion 
of E q .  (15) f o r  the mixed l i n e  shape. 
I n t e g r a t i o n  with r e spec t  t o  frequency w a s  performed a s  follows: as 
previously mentioned, the t ransmission was averaged over 0.1 cm-l i n t e r v a l s .  
If a s t r o n g  l i n e  l a y  within the  i n t e r v a l  an  e s p e c i a l l y  f i n e  subdivis ion f o r  
quadrature had t o  be developed up t o  a d i s t ance  of 0.01 c m - l  from the  l i n e  
center :  4-point Gaussian quadrature was app l i ed  over the i n t e r v a l s  formed 
by po in t s  d i s t ance  0.0, 0.001, 0.002, 0.003, 0.005, and 0.01 cm-l from the  
l i n e  center .  
ing sub in te rva l s ,  sub jec t  t o  t h i s  modification: where a sub in te rva l  had 
l eng th  g r e a t e r  than 0.03 cm’l and was s i t u a t e d  nea re r  than 0,1 cm‘l from a 
l i n e  of s t r e n g t h  g r e a t e r  than 0.1 ( a t m  cm)“  em-’, the sub in te rva l  was 
f u r t h e r  subdivided i n t o  th ree  smaller sub in te rva l s .  
Four-point Gaussian quadrature was a l s o  appl ied t o  the  remain- 
For a given frequency, v, 
the  value of the expression 
- 
yv - 
was ca l cu la t ed  f o r  each of the  
s l a n t  paths .  The i n t e g r a l  was 
determined by the  Gaussian quadrature abscissae,  
pressure l e v e l s ,  
expressed i n  the  
J 
pi, i=1..*34, and f o r  s i x  
form 
The pressure s l a b  between pressures  p i  and p i + l  was considered i s o -  
thermal, with the  temperature the average of the values a t  the t o p  and 
bottom. Since the  d i f f e rence  was never more than a few degrees, l i t t l e  
e r r o r  r e s u l t s  i n  t h i s  assumption. 
The t ransmission funct ion was determined by mult iplying the values of 
y by the appropriate  quadrature weights and i n t e r v a l  l eng ths ,  
V 
4.2 WAK LINES 
The average t ransmission over the  0.1 cm’l i n t e r v a l  due t o  the weak 
l i n e s  was ca l cu la t ed  separately,  us ing  a quadrature technique s i m i l a r  t o  
t h a t  employed f o r  t he  s t rong  l i n e s .  F i n a l l y  t h i s  t ransmission was mul t ip l i ed  
by the  t ransmission from t h e  s t rong  l i n e s  t o  obta in  t h e  co r rec t  value of t he  
t r ansmiss iv i ty  i n  the  0 -1 cm-l i n t e r v a l  
4.3 THE: PROGRAMS 
Most of  t he  prel iminary work, t e s t i n g  approximations and producing a 
rough d r a f t  of t he  f i n a l  programs, was done a t  The Universi ty  of Michigan 
Computing Center,  us ing  t h e  I B M  7090 computer. MAD language was employed 
because, while it produces a s l i g h t l y  l e s s  e f f i c i e n t  ob jec t  program, it com- 
p l i e s  much more quick ly  ?nd has a g rea t e r  f l e x a b i l i t y  than FORTRAN. The 
rough MAD programs were then  t r a n s l a t e d  i n t o  FORTRAN 11, and l a r g e l y  de- 
bugged a t  The Universi ty  of Michigan. 
A block of f r e e  computer time was very  k indly  made ava i l ab le  a t  t he  
Only s l i g h t  modif icat ions were needed t o  the  
These CDC pro- 
National Center f o r  Atmospheric Research Computer F a c i l i t y ,  i n  Boulder, 
Colorado, on the  CDC 3600. 
FORTRAN I1 programs t o  convert  them t o  CDC 3600 FORTRAN. 
grams appear i n  Appendix A .  
twice a s  f a s t  a s  t h e  IBM 7090. 
For comparison purposes the  CDC 3600 i s  roughly 
Because of t he  l a r g e  number of  s torage  loca t ions  needed i n  the  c a l -  
cu la t ions ,  t h e  program was wr i t t en  i n  two p a r t s .  
4.3.1 Program SUBPROG 
Together with i t s  subrout ine GRONK, t h i s  program determined: 
a .  The number and p o s i t i o n  of the  weak and s t rong  l i n e s  within each 
0.1 em-1 i n t e r v a l .  
b .  Produced a code g iv ing  information when the  s t rong  and weak l i n e s  
were the  end po in t s  of an i n t e r v a l .  
c .  Gave t h e  sub in te rva l s  over which Gaussian quadrature w a s  appl ied.  
d .  Formed the  sum (18) f o r  the  temperature and frequencies  requi red .  
e .  Gave a number of o the r  d e t a i l s  concerning the  input  of s t rong-  and 
weak-line s t r eng ths  and pos i t i ons .  These r e s u l t s  were wr i t t en  on 
b inary  tape  ( t ape  20)  and were used a s  input  by program M A I N .  
SUBPROG was somewhat complicated because of t he  many s p e c i a l  cases  t h a t  
had t o  be t e s t e d  f o r  i n  t h e  course of execut ion,  However, s ince  it i s  l a r g e l y  
in t ege r  a r i thmet ic ,  it was very f a s t  i n  execut ion,  The time taken f o r  t he  
e n t i r e  band was approximately 5.3 minutes on t h e  CDC 3600. 
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4.3.2 Program MAIN 
Together with i t s  th ree  subroutines,  LOOKAT, CENTFE, and KNUMIX, Pro- 
gram M A I N  computed the  t ransmission.  I n i t i a l l y  MAIN s e t  up var ious con- 
s t a n t s  and a l s o  a r r a y s  which were dependent on the  pressure l e v e l s .  Sec- 
ondly, it ca lcu la t ed  
Av from the l i n e  center ,  f o r  values of u1, u2 corresponding t o  the  pressure 
l e v e l s .  Since the  i n t e g r a l  involves the  mixed l i n e  sha e ,  which v a r i e s  
slowly with frequency, it was r eca l cu la t ed  every 10 cm- . In  add i t ion  s t r o n g  
and weak l i n e s  were read i n  (from the  b ina ry  t a p e )  during t h i s  second s e c t i o n  
of the  program. 
k, du f o r  an i s o l a t e d  l i n e  a t  var ious d i s t ances  s u2 
U l  
Y 
Thirdly,  the a c t u a l  t ransmission c a l c u l a t i o n s  were performed, i n  th ree  
s tage s : 
a .  Transmission was ca l cu la t ed  f o r  the  i n t e r v a l s  between the s t rong  
l i n e s ,  us ing  subroutine LOOKAT. 
b .  Transmission was ca l cu la t ed in  the neighborhood of  the  s t r o n g  l i n e s  
involving subroutines CENTRE and LOOKAT, 
c .  Modification due t o  weak l i n e s  was made us ing  subroutine CENTFB. 
The t ransmission funct ions were w r i t t e n  on magnetic tape i n  BCD mode. 
The t o t a l  execution time f o r  the whole band (499.5-859.5 em-1) was 109.4 
minutes on the CDC 3600. 
A CDC 3600 FORTRAN l i s t i n g  f o r  bo th  programs and t h e i r  subroutines i s  
found i n  Appendix A .  In  order t o  reduce execution time a l l  two-dimensional 
a r r ays  were w r i t t e n  with 1inea.r subsc r ip t s ,  except i n  some I / O  statements 
where it was d i f f i c u l t  and inconvenient not t o  use two subsc r ip t s .  
The subroutine KNUMIX which evaluated the mixed l i n e  shape i n t e g r a l  
(Eq.  (13)) was w r i t t e n  i n  MAD by D r .  Charles Young. 
l i s t e d  here is  a t r a n s l a t i o n  i n t o  FORTRAN. 
The vers ion of KNUMIX 
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5 .  DISCUSSION OF THE FU3SULTS 
5 - 1  GENERAL 
Because of the  l a rge  amount of da ta  obtained it i s  impossible t o  r e -  
produce more than  a small  f r a c t i o n  i n  t h i s  r epor t .  The emphasis has been 
placed on supplying c o e f f i c i e n t s  t h a t  may be u s e f u l  i n  atmospheric r a d i a t i o n  
ca lcu la t ions ,  and i n  comparison with previously published r e s u l t s .  I n  addi-  
t i on ,  an example of an app l i ca t ion  t o  an instrument func t ion  i s  presented.  
The complete r e s u l t s  a r e  ava i l ab le  on magnetic t apes .  
I n  keeping with the  f i rs t  aim, the  t ransmission coe f f i c i en t s  have been 
The frequency a t  t he  t o p  of each column i s  t h a t  
averaged over 5 cm-I i n t e r v a l s ,  f o r  the v e r t i c a l  pa th  only, with e n t r i e s  
every 1 cm-l (Appendix B )  
of t he  center  of t he  5 cm-l i n t e r v a l ,  
t h e  data ,  a s  may be seen from Fig .  6, which i s  a p l o t  of t ransmission versus  
frequency f o r  fou r  of t h e  pressure l e v e l s .  
No at tempt  has been made t o  smooth 
The main &-branch (667.4 cm-’) dominates t h e  absorp t ion  a t  low pres-  
su res .  It i s  composed of a l a rge  number of s t rong  l i n e s ,  ne i the r  r egu la r ly  
nor randomly d i s t r i b u t e d ,  which cannot be adequately represented by a band 
model. Accordingly, more d e t a i l e d  r e s u l t s  a r e  given i n  t h i s  region: Appendix 
C contains  t ab le s  of t ransmission c o e f f i c i e n t s  a t  0.1 cm-l r e so lu t ion  between 
665.5 and 670.5 cm-1, f o r  the  v e r t i c a l  pa th ,  Figure 7 i l l u s t r a t e s  some of 
these coe f f i c i en t s ;  t he  t r i a n g l e s  a t  t he  top  represent  t he  l i n e  pos i t ions ,  
t he  height  i nd ica t ing  the  i n t e n s i t y  decade i n  which t h e  l i n e  s t r eng th  f a l l s .  
5 2 COMPARISON WITH PFSXIOUS RESULTS 
It is somewhat d i f f i c u l t ,  t o  ccmpare the  present  ca l cu la t ion  r e s u l t s  
with those obtained by o the r  authors ,  due t o  the  f a c t  t h a t  atmospheric s l a n t  
paths  have been used i n  the  computation, r a t h e r  than f i x e d  temperature and 
pressure paths  
t o  ca l cu la t e  atmospheric s l a n t  pa th  t ransmission from four  d i f f e r e n t  a l t i t u d e s  
( l 5 >  25) 30, and 50 km) t o  the c u t e r  l i m i t s  o f  the  e a r t h ’ s  atmosphere. 
However, P l a s s l4  has used h i s  previously published r e su l t s12  
Comparison shows considerable  disagreement between t h e  two ca l cu la t ions  
( F i g .  8 ) -  
the  main &-branch (667.4 em-1) and those a t  approximately 620 cm-I and 720 cm-l. 
The in t eg ra t ed  absorpt ions,  I, 
The d i f fe rences  a re  most severe i n  the  &-branch regions,  both a t  
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Fig .  8. Transmission for t h e  v e r t i c a l  pa th  from 15 km. 
f o r  the  d i f f e r e n t  a l t i t u d e s  have been ca l cu la t ed  (Table I) and show l a rge  
TABLE I. INTEGRATED ABSORPTION, I, FOR THE 15p co2 BAND 
VERTICAL PATH FROM THE INDICATED ALTITUDE3 
15 
Al t i tude  (la) 
25 30 50 
I ( t h i s  c a l c )  60 .O 17 -9 9 -38 1.28 
I ( P l a s s )  73.9 27.4 13 .o 1.05 
divergences.  There a r e  many poss ib le  reasons f o r  t h i s ,  including the  
following: 
a .  The present  ca l cu la t ion  used 0.0314$ C 0 2  by volume compared with 
0.033% used by Plass;  t he  e f f e c t  on the  ca l cu la t ions  i s  small .  
b .  P lass  was forced  t o  use the  Curtis-Godson approximation which, a s  
has been shown, tends  t o  overest imate  t h e  absorpt ion.  
c .  The l i n e  s t r eng ths  used were not  i n  p e r f e c t  agreement, 
d. Probably the  g r e a t e s t  s ing le  cause i s  the  use of the  quasi-random 
band modelo The genera l ly  unsa t i s f ac to ry  nature  of t h i s  model i n  
the  reg ion  of t h e  &-branches has a l r eady  been discussed and i s  f u l l y  
borne out  by comparison i n  F ig ,  8 ,  The present  ca lcu la t ions  in-  
d i c a t e  a marked m-lnimum of absorpt ion between the  main P- and Q- 
branches (663-0 while t he  model e x h i b i t s  a maximum a t  t he  
same po in t  (it  should be pointed ou t  t h a t  P lass '  r e s u l t s  have been 
considerably smoothed by the c a l c u l a t i o n  technique) .  
The pa th  from 50 km (F ig ,  9 )  deserves p a r t i c u l a r  a t t e n t i o n  as it i s  
qu i t e  d i f f e r e n t  from the  o the r  t h ree  a l t i t u d e s :  t he  in t eg ra t ed  absorpt ion of 
t h i s  ca l cu la t ion  i s  a c t u a l l y  g rea t e r  than  t h a t  obtained by Plass .  This 
phenomenon admits a very simple explanation, i n  terms of t he  mixed Doppler- 
Lorentz broadening, Near t h e  center  of t he  band where s t rong  l i n e s  pre-  
dominate i n  the  absorpt ion,  t h e  two ca l cu la t ions  a r e  i n  rough agreement 
(a l lowing f o r  t he  data smoothing) 
i n  the  two Q-branches a t  620 and 720 cm-l, t he  predominant l i n e s  are of 
medium i n t e n s i t y ,  The value of u f o r  t he  v e r t i c a l  pa th  from 50 km i s  ap- 
proximately 0.2 atm cm, and i n  these  Q-branches t h e r e  a r e  many s t rong  l i n e s  
But away from t h e  center ,  p a r t i c u l a r l y  
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Fig. 9 .  Transmission f o r  t h e  v e r t i c a l  pa th  from 50 km. 
of s t r eng th  between 0.2 and 0.02 (atm cm)-l cm-l, 
of Su i n  the  range 0.04 t o  0.004 cm-l, 
values  a re  p r e c i s e l y  the  ones f o r  which the  d i f f e rence  between the  pure 
Lorentz and mixed Doppler-Lorentz absorp t ion  i s  g rea t e s t .  It must be con- 
cluded t h a t  mixed Doppler-Lorentz broadening i s  of c r i t i c a l  importance a t  
t h i s  a l t i t u d e .  
This corresponds t o  values  
Reference t o  Fig.  3 shows t h a t  these  
On the  o the r  hand, a f a c t o r  which opera tes  a t  higher  pressures  is not 
of importance around 50 km. Because t h e  band may very  near ly  be considered 
a s  a c o l l e c t i o n  of i s o l a t e d  l i n e s ,  t h e  f a c t  t h a t  t h e  band model d i s t r i b u t e s  
them randomly, r a t h e r  t han  leaving  them i n  ' clumps' has l i t t l e  inf luence.  
Summarizing, t he  main t h e o r e t i c a l  ob jec t ions  t o  the  quasi-random model 
have been demonstrated t o  be of c r u c i a l  importance i n  atmospheric t r a n s -  
mission ca l cu la t rons  and the  use of t he  mixed Doppler-Lorentz broadening 
has been shown t o  be mandatory a t  a l t i t u d e s  near  50 km. 
5.3 APPLICATION TO THE SATELLITE INFRARED SPECTROMETER (SIRS) 
The SIRS was b u i l t  t o  measure the  v e r t i c a l  component o f  the  outgoing 
r a d i a t i o n  from the  e a r t h  and i t s  atmosphere, a t  s eve ra l  f requencies  i n  
the  1511 C O z  band, a s  wel l  a s  one a t  899 cm-1 i n  the  window region. I n  
pr inc ip le ,  these  measurements can be used t o  i n f e r  the  temperature s t r u c t u r e  
of t h e  atmosphere, by the  invers ion  of an i n t e g r a l  equat ion of the f i r s t  
kind. A simple e r r o r  ana lys i s  is  s u f f i c i e n t  t o  show t h a t ,  i n  order  t o  pro- 
duce r e l i a b l e  so lu t lons ,  we must be ab le  t o  ca l cu la t e  t he  outgoing r ad ia t ion  
from a given atmospheric temperature s t r u c t u r e  with extreme accuracy. It 
was t h i s  problem t h a t ,  i n  pa r t ,  p r e c i p i t a t e d  the  inves t iga t ions  ou t l ined  i n  
t h i s  r epor t .  
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The SIRS has a r e so lu t ion  of 5 cm'l and a response func t ion  which is  
nominally t r i a n g u l a r  i n  shape. 
instrument is  
The i n t e n s i t y  of r a d i a t i o n  measured by the  
where I,, i s  the  i n t e n s i t y  of r a d i a t i o n  a t  frequency, v 
vo i s  the  center  o f  t he  instrument channel 
and b v 0 ( v )  i s  t h e  instrument response a t  frequency, V. For t h e  SIRS 
Iv-voI 5 5 
I v-vo  I ' 5 1. I v-vo I d v o ( v )  = 1 - 5 = o  
and 
Now 
where 
B = t he  Planck b lack  body func t ion  a t  frequency, v ?  temperature, T 
= the  emis s iv i ty  of t h e  e a r t h ' s  surface 
Ts = the  temperature of t h e  e a r t h ' s  surface 
p = t he  atmospheric sur face  pressure 
r,(p7 = t he  t r ansmiss iv i ty  f o r  a v e r t i c a l  path down t o  pressure p a t  
frequency, v .  
S u b s t i t u t i n g  i n  E q .  (21)  
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Now, i f  the  s p e c t r a l  region under consid.eration i s  narrow, we can replace 
B( v,p) by B( vo,p), and a l s o  consider  t o  be cons tan t .  Hence 
Comparing with E q .  ( 2 3 )  
I v o  = Ivo (Yvo)  
where 
This equat ion i s  qu i t e  general ,  and can be used f o r  any response func- 
t i on ,  provided B( v,T) i s  a slowly varying func t ion  of frequency throughout 
t he  i n t e r v a l  
With t h e  t r ansmiss iv i ty  averaged over 0.1 em-' i n t e rva l s ,  it i s  easy  t o  
Calcu la t ions  have been made between 665 and 
evaluate  Eq .  ( 2 5 )  qu i t e  accura te ly ,  t o  o b t a i n  va lues  of yvo(p)  a t  any des i r ed  
frequency, vo, and pressure,  p. 
714 cm-1 i n  1 cm-1 s t e p s  (Table 11) and t h e  r e s u l t s  have been p l o t t e d  f o r  some 
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of these values (F ig .  10). 
main R-branch of the 1511 C02 band form a family,  the  members of which a r e  
s i m i l a r  i n  shape, only displaced downward as the d i s t ance  from the  cen te r  of 
the band increases .  
branch a t  atmospheric temperatures. 
It can be seeL t h a t  the  curves r ep resen t ing  the 
678.0 cm-l r ep resen t s  the  maximum absorpt ion i n  the  R- 
A t  f requencies  near the  main &-branch, the  behavior i s  somewhat d i f f e r e n t .  
A t  low pressures  the  absorpt ion i s  much g r e a t e r  than i n  the R-branch b u t  does 
not increase a s  r a p i d l y  with inc reas ing  pressure.  This gives r i s e  t o  a s t r i k -  
i ng  f e a t u r e  of the  graph: 
path i n  the s t ronges t  p a r t  of the R-branch, i s  g r e a t e r  than the  s t ronges t  
p a r t  of the  &-branch, f o r  the  SIRS instrument response function., This char- 
a c t e r i s t i c  can a l s o  be observed i n  the  t r a n s m i s s i v i t i e s  averaged over 5 cm'l 
i n t e r v a l s ,  al though it occurs a t  a higher p re s su re ,  
below about 60 mb the  absorption for a v e r t i c a l  
The ca l cu la t ions  a l s o  make it c l e a r  t h a t  i n  the  upper atmosphere, f o r  
the SIRS instrument response function, the  maximum absorption takes  place a t  
668 cm-l ,  r a t h e r  than a t  669 cm-' where t h e  5 cm'l i n t e r v a l  t r a n s m i s s i v i t i e s  
have an absorpt ion maximum. On the  b a s i s  of t hese  f i g u r e s ,  the present  channel 
a t  669 cm-l should be moved t o  668 cm-l, where absorpt ion is  g rea t e r  a t  high 
a l t i t u d e s .  
The outgoing v e r t i c a l  i n t e n s i t y  of r ad ia t ion ,  a s  seen by the SIRS, has 
been determined f o r  the  U ,  S. Standard Atmosphere, 1962, between 665 and 
714 cm-l and i s  presented i n  Fig,  11, 
Comparision of Table I1 with Appendix C show t h a t  it i s  important t o  
ca l cu la t e  absorpt ion f o r  an instrument response function, r a t h e r  than an 
average over an i n t e r v a l  i n  the  band corresponding t o  the  instrument 's  r e so lu -  
t i o n ,  This is  a. persuasive argument aga ins t  t h e  use of a band model. 
5-4 ACCURACY OF THE CALCULATIONS 
Throughout t h i s  r e p o r t  a number of assumptions have been made, which 
a f f e c t  the  accuracy of the c a l c u l a t i o n s ,  The most c r i t i c a l  of these a r e  
l i s t e d  below and t h e i r  influence discussed,  
a .  I n  the au tho r ' s  view the most important f a c t o r  i s  the  Lorentz h a l f -  
width, aL, which was taken t o  be 0.064 cm-' f o r  a l l  l i n e s .  
c a l c u l a t i o n s  showed t h a t  the e f f e c t  of v a r i a t i o n s  i n  aL depended on 
the pressure,  lime s t rength,  and p o s i t i o n  r e l a t i v e  t o  o the r  l i n e s .  
I ts  e f f e c t  was l e a s t  a t  low p res su res ,  
Tes t  
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b. The accuracy of the l i n e  s t r eng ths  and pos i t i ons  has been f u l l y  d i s -  
4 cussed by Young. 
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Fig. 10. Transmission for a vertical path starting outside the earth's 
atmosphere down to given pressure levels. 
resolution, triangular shape) . SIRS response function ( 5  cm'l 
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Fig. 11. 
SIRS. U. - - S. -- Standard Atmosphere, 1962. 
Vertical component of outgoing atmospheric radiation as seen by 
u.--- - .... . 
c .  Departures of temperatures from the  U. S. Standard Atmosphere a re  
important i n  some p a r t s  of t he  band, where the  l i n e  s t rengths  a r e  
r a p i d l y  varying func t ions  of t h e  temperature.  Calculat ions were 
made f o r  small  por t ions  of the  band with a temperature p r o f i l e  ex- 
a c t l y  1 0 ° K  l e s s  than  the  U. S.  Standard Atmosphere (Table 111). 
TABLE III. COMPARISON BETWEEN TRANSMISSIVITIES AVERAGED OVER 1 .o cm-l 
INTERVALS. CALCULATED FOR U. S. STANDARD ATMOSPHEFE, 1962, 
AND SAME ATMOSPHERF: LESS 1 0 ° K  AT ALL LEVELS. 
556 cm-1 652 cm-1 661 cm-1 669 cm-1 
-10°K uos* -1O0K U.S. -10°K U.S. -10" K U.S. 
Stand. Stand. Stand. Stand. 
P( mb 1 
1 1.0000 1.0000 .9832 .9832 .9871 .9870 .9525 .95g2 
20 .9999 -9999 .7403 -7427 .7714 .7684 .7525 .7871 
50 .9997 .9998 .4341 .4384 .4785 .4737 .5066 .5584 
200 .9982 .9984 ,0117 .0120 .0187 .0183 .0225 .0316 
.oooo .oooo 1000 .9601 .9629 .oooo .oooo .oooo .oooo 
Comparison shows t h a t  t he  higher temperature produces a g rea t e r  
absorp t ion  i n  most regions (up  t o  10% between 668.5 and 669.5 cm-l), 
al though i n  o ther  p a r t s  o f  t h e  band where the  absorpt ion i s  dominated 
by s t rong  l i n e s  whose s t r eng th  decreases  with increas ing  temperature, 
the  opposite e f f e c t  may be observed (660.5 t o  661.5 cm'l). A s  t he  
temperature inc reases  the  shape of the  absorpt ion curve can be ex- 
pected t o  change slowly and the  t o t a l  absorp t ion  f o r  the band t o  in -  
crease s l i g h t l y .  The e f f e c t  of temperature on l i n e  half-widths 
(Doppler and Lorentz) seems t o  be of secondary importance. 
d .  Small v a r i a t i o n s  i n  the  C O z  concentrat ion,  provided a constant  mixing 
r a t i o  i s  re ta ined ,  have a negl ig ib le  inf luence,  bu t  cor rec ted  t r a n s -  
missions may be obtained by in t e rpo la t ion  over t he  zeni th  angle;  i n -  
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c reas ing  the  zen i th  angle from €21 t o  Q2 i s  equivalent  t o  mul t ip ly ing  
the C02 concentrat ion by Cos Ql/Cos Q2. 
A l l  t r a n s m i s s i v i t i e s  have been given t o  f o u r  s i g n i f i c a n t  f i gu res ;  the  
fou r th  f igu re  should be co r rec t  i n  almost a l l  cases .  
In view of these approximations, it i s  tempting t o  argue t h a t  t h e r e  i s  
no po in t  i n  ca r ry ing  out  ca l cu la t ions  t o  such a high degree of accuracy. 
This ignores two b a s i c  points .  
a The present  ca l cu la t ions  should be regarded as preliminary: when 
more accurate  d a t a  a r e  ava i l ab le  the techniques w i l l  be f u l l y  de- 
veloped f o r  t h e i r  u t i l i z a t i o n .  U n t i l  r ecen t ly ,  the t h e o r e t i c a l  
knowledge of the l5p C02 band exceeded the  capaci ty  t o  put it t o  
use; t h e  s i tua . t ion  i s  now reversed. 
b ,  For some problems, e.g., r a d i a t i v e  cool ing i n  the  atmosphere, it i s  
extremely important, with given i n i t i a l  assumptions, t o  be a b l e  t o  
c a l c u l a t e  r a d i a t i v e  t r a n s f e r  p rec i se ly .  It i s  not s u f f i c i e n t  t o  be 
able  t o  ob ta in  a rough r ep resen ta t ion  of most of a band with a band 
model i f  it cannot p r e d i c t  t r a n s f e r  i n  s p e c i a l  regions (e.@;., Q- 
branches i n  the  l5p C02 band), which a r e  p a r t i c u l a r l y  i n f l u e n t i a l ,  
15,16 5 * 5  COMPARISON WITH GATES ET AL. --
Shor t ly  a f t e r  the present  ca l cu la t ions  were i n i t i a t e d ,  a paper by 
Gates, e t  a ~ , ~ 5  appeared i n  which t ransmission c a l c u l a t i o n s  f o r  t h e  2.71~- 
water vapor band were presented, made by i n t e g r a t i o n  across  the band r a t h e r  
than by use of a band model. The approach i s  fundamentally the  same b u t  the  
emphasis here has been placed on atmospheric s l a n t  paths, r a t h e r  than homo- 
geneous paths. I n  a d d i t i o n  the wide range of  pressure has made it necessary 
t o  use mixed Doppler-Lorentz broadening. 
6 .  CONCLUSIONS AND SUGGESTIONS FOR FUHCHER WORK 
A s  a r e s u l t  of the ca l cu la t ions  t h a t  have been made, it is possible  t o  
come t o  some s i g n i f i c a n t  conclusions regarding atmospheric r a d i a t i v e  t r a n s f e r  
i n  the  l 5 ~  C02 band, 
a. Band models can no longer be considered u s e f u l  where accurate work 
is required.  Even the  b e s t  model fa l l s  f a r  s h o r t  e s p e c i a l l y  f o r  
c e r t a i n  regions of fundamental importance. The models can be c r i t -  
i c i z e d  on s e v e r a l  grounds: 
(1) Most important, they do not adequately represent  the l i n e  
pos i t i ons  and s t r eng ths .  
( 2 )  They fo rce  the  use of the  Curtis-Godson a.pproximations. 
( 3 )  Their s i m p l i c i t y  i s  l o s t  when the mixed l i n e  shape is  introduced. 
( 4 )  Instrument response funct ions cannot be b u i l t  i n .  
( 5 )  Variat ion of Lorentz half-widths ar-e not easy t o  accommodate. 
Although t h e  present  c a l c u l a t i o n s  assume a f i x e d  aL, it would 
be easy t o  modify the  program f o r  a va r i ab le  half-width. 
b. The mixed Doppler-Lorentz l i n e  shape should be used a t  pressures  
lower than 100 mb. Below 10 mb t h e  e r r o r s  introduced bythe.use of 
pure h r e n t z  broadening can become q u i t e  severe. 
c. The Curtis-Godson approximation, which has undeniable u t i l i t y  f o r  
rough ca l cu la t ions ,  should be abandoned f o r  highly accurate work. 
A method f o r  i t s  el iminat ion has been developed. 
d .  Values of t ransmission f o r  instruments should be obtained by in-  
t e g r a t i o n  of the instrument response funct ion.  These values can 
d i f f e r  r a d i c a l l y  from the average t ransmission over a frequency in -  
t e r v a l  equa l  t o  the instrument 's  r e so lu t ion .  
It is  now evident  t h a t  a considerable amount of i nves t iga t ion  should be 
c a r r i e d  out i n  the  near fu tu re .  
a. A concerted e f f o r t  should be made t o  determine the v a r i a t i o n  of aL 
from l i n e  t o  l i n e  
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b. Calculat ions a r e  now underway of . the t ransmiss ion  f o r  homogeneous 
paths, so t h a t  d i r e c t  omparison can be made with l abora to ry  d a t a  
( c f . ,  Gates -- e t  a l . l5,lg) and o the r  t h e o r e t i c a l  c a l c u l a t i o n s  , A s  
a r e s u l t  of the  comparisons it may be possible  t o  a r r i v e  a t  some 
more accurate  values of band i n t e n s i t i e s  o r  half-widths, 
c .  A renewed attempt w i l l  be made t o  f i n d  the  cool ing r a t e  i n  t h e  upper 
atmosphere due t o  the l5p C02 band. 
It i s  hoped the  t a b l e s  presented w i l l  be u s e f u l  f o r  atmospheric i n f r a r e d  
r a d i a t i o n  ca l cu la t ions ,  p a r t i c u l a r l y  i n  those regions where r e l i a b l e  the-  
o r e t i c a l  da t a  were h i t h e r t o  unobtainable,  
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CDC 3600 FORTRAN PROGRAMS FOR COMPUTING THE T R A N S M I S S I V I T I E S  
I 
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PROGRAM SUBPROC 
COMMON N O S T R G S L ~ N O I N T ~ N O I N ~ N E N D , I W A R N  
DIMENSION N O S T R G ~ 1 0 ) r L ( 1 0 0 ) r N O I N T ( 7 2 ~ ~ r N E N D ( l 4 4 ~ r I W A R N ~ l O ~  
DIMENSION I S T R G L ~ 1 0 0 ~ ~ I W E A K L ~ 1 O O ~ ~ I V S T ~ 3 O O ~ r 6 N U S ~ 1 O O O ~ r I N U S ~ l O O O ~ r  
1 I H O R L 0 ~ 1 0 0 ~ ~ I B E L O W ~ l O O ~ ~ 6 N U W ( 1 0 1 0 ) , I N U W ~ l O l ~ ~ r N O W E A K ~ l O ~ r M l W E A K ~ l O  
1 0 ~ r D ~ 1 0 0 0 ~ , 5 M ~ 1 8 ~ r I S S ~ l O l O ~ ~ S T ~ 6 ~ ~ 8 2 ~ r W ~ ~ ~ ~ l O l ~ ~  
DIMENSION E N D P T ~ 1 4 4 ) r H I O R L O ( 1 0 O ) , B E L O W ( l O O ~  
2 0 0  FORMAT ( F 6 * 2 r 6 E 1 0 * 4 )  
2 0 1  FORMAT ( F 6 0 2 r I 5 )  
281 FORMAT ( 6 X r 7 1 5 r F 7 . 1 )  
2 5 0  FORMAT ( 1 H 1 ~ F 6 o 2 ~ 1 2 I 2 ~ 2 1 4 ~ 1 1 1 2 ~ 1 0 1 1 / ( 6 X ~ 6 E 1 0 * 4 ~ ~  
2 5 1  FORMAT ( 6 X 1 1 4 ( I l r 1 4 ) )  
2 5 2  FORMAT ( 6 X , 1 4 ( 2 I l r 1 3 ) )  
2 5 3  FORMAT ( ( 6 X * 2 4 ( 1 3 ) ) )  
26C FORMAT (24HO TOTAL EXECUTION T IME = F6.2, 8H .MINUTESI  
T I M A = T I M E F ( O )  
REWIND 2 0  
READ INPUT TAPE 5 r  2 0 0 r ~ B N U S ~ I ~ r ~ S T ~ J ~ I ~ r J = 1 , 6 ~ r I = l r 9 8 2 ~ , ( 8 N U W ~ I ~ r  
DO 3 0 1  I = 1 , 9 8 2  
3 0 1  I S S ( I ) = ( I - l ) * 6  
I1=1 
I 2 = 1  
I ONE= 1 
I TWO=O 
I 3 = 1  
K I D = l  
I N U S ( 9 8 3 ) = 1 0 0 0 0 0  
I N U W ~ 1 0 0 9 ) = 1 0 0 0 0 0  
I S T O  = 1 
IO = 1 
DO 3 0 2  I = l r 1 0 0 8  
JJ = 1 
J J J = 4  
l(WT(J,I)rJ=1,6),I=1~1008) 
302 INUW(I)=(BNUW(I)+~OOl)*lOO* 
DO 3 0 3  I = l r 9 8 2  
I F  ( S T ( J J J ) - o l )  3 0 4 , 3 0 4 9 3 0 5  
3 0 5  I V S T ( J J )  = I 
JJ = JJ+1 
3 0 4  JJJ = JJJ+6 
3 0 3  INUS(II=(BNUS(I)+o001~*100* 
300 READ INPUT TAPE 5,2Ol,ANUZ9NUMBER 
JJ = JJ-1 
I COUNT = O  
N U Z Z = ( N U Z / 1 0 ) * 1 0  
AVNU=NUZZ 
NUZY=NUZZ*100 
NUZX = NUZY-750 
I S= I ONE 
DO 6 0 0  I = I S r 9 8 2  
I F  ( N U Z X - I N U S I I ) )  6 0 1 9 6 0 1 r 6 0 0  
6 0 1  I O N E = I  
GO T O  6 0 2  
600 CONTINUE 
I ONE= 9 8 3  
I TWOl=982 
GO TO 607 
8 0 2  NUZ=ANUZ+*001 
AVNU=4o5+AVNU 
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i 
I111 I I I I I  111 I I I l l  1 1 1 1  I 
6 0 2  NUZV = NUZY+1650 
IS=XMAXOF( ITWOwl )  
DO 6 0 3  I = I S , 9 8 2  
I F  ( N U Z V - I N U S ( 1 ) )  6 0 4 r 6 0 3 9 6 0 3  
6 0 4  I T W O l t I - 1  
GO T O  6 0 7  
6 0 3  CONTINUE 
I TW01=982 
6 0 7  CONTINUE 
IOUT = XMAXOF(ITWO+l, IONE) 
ITWO=ITWOl 
NUZY=NUZY-50 
I S = I 3  
DO 6 2 0  I = I S , 1 0 0 8  
I F  ( I N U W ( I ) - N U Z Y )  620,621,621 
GO TO 6 2 2  
I 3 = 1 0 0 9  
NUZY =NUZY+1000 
DO 6 2 3  IpIS,1008 
I F  ( I N U W ( I ) - N U Z Y )  6 2 3 9 6 2 3 , 6 2 4  
GO TO 6 3 0  
I 4 = 1 0 C 8  
I K = I 3 - 1  
WRITE OUTPUT TAPE 6,281, I O N E s I T W O ~ I O U T ~ I M A X W I I K I I 3 r I 4 , A V N U  
WRITE TAPE 2 0 , I O N E , I T W O t I M A X W * I K , A V N U  
IF ( I O U T - I T W O I  6 1 1 r 6 1 1 r 6 1 0  
6 2 1  I 3 = I  
6 2 0  CONTINUE 
6 2 2  I S = I 3  
6 2 4  I 4 = 1 - 1  
6 2 3  CONTINUE 
6 3 0  IMAXW=I4 -13+1  
6 1 1  WRITE TAPE 2 0 r ( B N U S ( I ) , ( S T ( J , I ) r J l l r 6 ) ~ I = I O U T ~ I T W O )  
6 1 0  CONTINUE 
I F  ( I M A X W )  627 ,627 ,626  
6 2 6  WRITE TAPE 2 0 r ( B N U W I I ) s ( W T ( J 1 I ) , J = l r 6 ) ~ 1 ~ 1 3 ~ 1 4 )  
8 0 1  NUZ=(ANUZ-e499) *100m 
DO 3 0 7  K = I 0 9 1 0 0 8  
I F  ( I N U W ( K ) - N U Z )  3 0 8 r 3 0 9 9 3 0 9  
GO T O  3 1 0  
6 2 7  CONTINUE 
309 I = K  
3 0 8  CONTINUE 
3 0 7  CONTINUE 
3 1 0  CONTINUE 
I = 1 0 0 9  
DO 3 1 1  K = I S T 0 , 9 8 2  
I F  ( I N U S ( K ) - N U Z )  3 1 1 r 3 1 3 r 3 1 3  
GO TO 3 1 2  
I S T = 9 8 3  
3 1 3  I S T  = K 
3 1 1  CONTINUE 
3 1 2  NUZ = ANUZ+.001 
NUZM=NUZ*100-60 
DO 3 2 0  K = K I D # J J  
KK = I V S T ( K )  
KD = K 
I F  ( I N U S ( K K l - N U Z H )  3 2 0 ~ 3 2 0 r 3 2 2  
3 2 0  CONTINUE 
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KD=JJ+l 
322 KID = KD-1 
!TOTAL = 0 
11s = 1 
JTOTAL = 0 
DO 351 J=lrlO 
INUZM = NUZM + 1O*J 
MIDNU = IFiUZM+5 
331 IF (962-KID) 44594469446 
445 IWARN(J)=l 
GO TO 336 
446 KAD=IVST(KID) 
IF (MIDNU-INUS(KAD)-lO) 33293329333 
333 KID = KID+1 
GO TO 331 
332'IWARN(J) = 1 
IF(XABSF(MIDNU-INUS(KAD))-lOj 33513369336 
335 IWARN(J) = 0 
336 NOWEAK(J1 = 0 
NOSTRG(J1 = 0 
. I 1  = 1 
340 IF ( 1 0 0 9 - 1 )  34293429440 
440 IALFA=INUW(I)-INUZM 
341 NOWEAK(J1 = NOWEAK(J)+l 
ITOTAL = ITOTAL +1 
I W E A K L ( I I ) = I  
M T W E A K ( I I ) = l  
IF (IALFA-10) 341,3419342 
IF (IALFA-10) 34393449343 
344 M T W E A K ( I 1 )  = 2 
I 1  = I I + 1  
GO TO 342 
343 IF ( I A L F A )  34693469345 
346 M T W E A K ( I I 1  = 2 
345 I 1  = I I + 1  
I = 1+1 
GO TO 340 
IO = I 
342 CONTINUE 
400 IF (IST-983) 41093519351 
410 JALFA=INUS( ISTI-INUZM 
IF (JALFA-10) 3509359t351 
350 L(IIS) = JALFA 
NOSTRG(J1 = NOSTRG(J)+l 
JTOTAL = JTOTAL+l 
ISTRGL(IIS)=IST 
353 IHORLO(I1S) = 1 
IBELOW(I1S) = 1 
354 IBELOW(I1S) = 0 
355 11s = IIS+l 
352 IF ( J A L F A )  35693569357 
356 IHORLO(I1S) = 1 
IBELOW(1IS) = 1 
358 IBELOW(I1S) = 0 
359 GO TO 360 
IF (JALFA-10) 35293539352 
IF (INUS(IST)-INUS(IST-l)-l) 35493549355 
GO TO 351 
IF (INUS(IST+l)-INUS(IST)-l) 35893589359 
3 5 7  I H O R L O ( I 1 S )  = 2 
I B E L O W ( I 1 S )  = 2 
I F  (INUS(IST+l)-INUS(IST)-l) 3 6 1 , 3 6 1 ~ 3 6 2  
3 6 1  I B E L O W ( I 1 S )  = 1 
3 6 2  I F  (INUS(IST)-INUS(IST-l)-l) 363,363,364 
3 6 3  I B E L O W ( 1 I S )  = I B E L O W ( I I S ) - l  
3 6 4  CONTINUE 
3 6 0  IIS = I I S + l  
' IST = I S T + l  
50 TO 4 0 0  
3 5 1  CONTINUE 
I STO= I ST 
BNU = ANUZ-7.5 
I S = X M A X O F ( l m I l )  
DO 4 6 0  I = I S 9 9 8 2  
I F  (BNU-BNUS(1 ) )  461,460,460 
461 I 1  = 1-1 
GO TO 4 6 2  
4 6 0  CONTINUE 
I 1 = 9 8 2  
4 6 2  BNU = ANUZ + 7 * 5  
I S = I Z  
DO 4 6 3  I = I S * 9 8 2  
I F  ( B N U - B N U S ( I ) )  464,464,463 
GO TO 4 6 5  
1215983 
I L A S T  = 1 2 - 1  
KK = 0 
DO 3 7 0  M 1 = 0 * 2  
Y = M 1 - 1  
BNU = ANUZ+Y/Z* 
I F  ( 1 1 ) 4 0 1 * 4 0 1 r 4 0 2  
4 6 4  I 2  = I 
4 6 3  CONTINUE 
4 6 5  I F I R S T  = 11+1 
4 0 2  DO 3 7 1  I=l,Il 
3 7 1  D ( 1 )  ( B N U S ( I ) - B N U ) + ( B N U S ( I ) - B N U )  
4 0 1  DO 3 7 2  I z I 2 r 9 8 2  
3 7 2  D ( 1 )  (BNUS(I)-BNU)*(BNUS(I)-BNU) 
4 0 3  DO 3 7 0  K t l r 6  
s = 0. 
K K  = KK+1 
I F  ( 1 1 )  4 0 5 r 4 0 5 r 4 0 6  
ISUS = I S S ( I ) + K  
3 7 3  S = S + S T ( I S U B ) / D ( I I  
I F  ( 9 8 2 - 1 2 1  3 7 0 r 4 0 5 e 4 0 5  
I S U B  = I S S ( I ) + K  
3 7 4  S = S + S T ( I S U B ) / D ( I )  
3 7 0  SM(KK)  = S 
C A L L  GRONK 
WRITE OUTPUT TAPE 6 r 2 5 0 r A N U Z ~ I T O T A L ~ ~ N O W E A K ( I ) ~ I ~ l ~ l O ) r J T O T A L ~  
I F ( 9 8 2 - 1 2 )  4 0 3 ~ 4 0 1 , 4 0 1  
4 0 6  DO 3 7 3  I x l r I l  
4 0 5  DO 3 7 4  1 x 1 2 1 9 8 2  
1 I F I R S T ~ I L A S T ~ ~ N O S T R G ~ I ) ~ I = l ~ l O ~ , N O I N I ( N O I N T ~ I ~ ~ i = l ~ ~ O ~ ~ ~ S ~ ~ ~ ~ ~ ~ ~ l ~  
2 1 8 )  
1 ~ N O S T R G ~ I ~ r I ~ l ~ l ~ ) r N O I N , ( N O I N T ~ I ) , I = 1 , 1 O ) ~ ~ S M ~ I ~ ~ I ~ l ~ l 8 ~  
WRITE TAPE 2 0 ~ A N U Z ~ I T O T A L ~ ~ N O W E A K ~ I ) r I l l r l O ~ r J T O T A L ~ I F I R S T ~ I L A S T ~  
I F  ( I T O T A L )  3 8 0 r 3 8 0 r 3 8 1  
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3 8 1  WRITE OUTPUT TAPE 6 r 2 5 1 s ( M T W E A K ~ I ) r I W E A K L o r I = l r I T O T A L )  
380 I F  I J T O T A L )  3 8 3 9 3 8 3 , 3 8 2  
3 8 2  WRITE OUTPUT T A P E 6 ~ 2 5 2 ~ ~ I B E L O W ~ I ~ ~ I H O R L O ~ I ~ ~ I S T R G L ~ I ~ ~ I ~ l ~ J T O T A L )  
WRITE TAPE 2 0 ~ ~ M T W E A K ~ I ~ ~ I W E A K L ~ I ~ r l = 1 , I T O T A L ~  
DO 90C I Z l r J T O T A L  
B E L O W ( I ) = I B E L O W ( I )  
900 H I O R L O ( I ) = I H O R L O ( I )  
3 8 3  I F  ( N O I N )  3 8 5 9 3 8 5 9 3 8 4  
WRITE TAPE 2 0 r ( B E L O W (  I ) r H I O R L O ( I ) r I S T R G L ( I )  r I = l , J T O T A L )  
3 8 4  NON = NOIN*2 
WRITE OUTPUT TAPE 6 r 2 5 3 r ( N E N D ( I ) , I = l r N O N )  
DO 901 I = l r N O N  
WRITE TAPE 20,(ENDPT( I ) r I = l r N O N )  
ICOUNT= ICOUNT+l  
901 E N D P T ( I ) = N E N D ( I ) * e O I  
3 8 5  CONTINUE 
I F  (NUMBER-ICOUNT) 3 0 0 9 3 0 0 t 3 0 6  
NUZ=ANUZ+e001 
I F  ( N U Z - ( N U Z / 1 0 ) * 1 0 )  80198029801 
T O T T I M = ( T I M B - T I M A ~ * e O O l / 6 O e  
3 0 6  ANUZ = ANUZ + l e  
3 0 0  T I M B = T I M E F ( O )  
WRITE OUTPUT TAPE 6 r 2 6 0 9 T O T T I M  
END F i L E  20 
REWIND 2 0  
END 
46 
I. I 
SUBROUTINE GRONK 
COMMON NOSTRGILINOINTINOININENDIIWARM 
DIMENSION N O S T R G ( ~ ~ ) I L ( ~ ~ ~ ) ~ N O I N T ( ~ Z ~ I N E N D ( ~ ~ ~ ~ ~ I W A ~ N ~ ~ O ~  
KK = 1 
M1 = 1 
DO 3 0 0  I = 1910 
MINIT = M1 
M = O  
J = NOSTRG(1) 
IF ( J )  3011301r302 
301 NEND(M1) = 0 
NEND(M1+1) f 10 
Ml = M 1 + 2  
M = l  
GO TO 3 2 0  
302 K = 1 
IF (L(KK)-2) 3 3 0 , 3 0 3 ~ 3 0 3  
303 NEND(M1) = 0 
NEND(Ml+l) = L(KK)-1 
M 1  = M1+2 
M = M+l 
330 IF(K-J) 3 0 4 ~ 3 4 0 r 3 0 4  
3 0 4  IF (L(KK+l)-L(KK)-Z) 3059305,306 
306 NEND(M1) = L(KK)+l 
NEND(M1+1) LIKK+1)-1 
M1 = M1+2 
M = M+l 
305 K = K+l 
KK = KK+1 
IF(K-J) 330~340,330 
340 IF (L(KK)-8) 3079307r350 
307 NEND(M1) = L(KK)+l 
NEND(M1+1) = 10 
M = M+l 
M1 = M1+2 
350 KK = KK+1 
320 CONTINUE 
311 MZERO = M 
201 IF (JJ-MZERO) 321r321r380 
321 IF (NEhD(MINIT+l)-NEND(MINIT)-3) 3 6 0 r 3 6 0 ~ 3 2 3  
IF (IWARN(1)) 3119311r312 
JJ=l 
323 M=M+2 
IX=NEND(MINIT+l)-NEND(MINIT) 
11=(1X+1)/3 
I 2 =  ( 2*IX+1) / 3  
MALL 1 M1 - HINIT -1 
DO 370 IIZlrMALL 
MSUB = M.1-I1 
370 NEND(MSUB+4)=NEND(MSUB) 
NEND(MINIT+l)=NEND(MINIT)+Il 
NEND(MINIT+Z)=NEND(MINIT+l) 
NEND(MINIT+3)=NEND(MINIT)+IZ 
NEND(MINIT+4)=NEND(MINIT+3) 
M 1=M1+4 
MINIT=MINIT+4 
JJ= JJ+1 
GO TO 201 
360 MINIT = MINIT+2 
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380 CONTINUE 
312 N O I N T ( I 1  = M 
300 CONTINUE 
M 1  = M1-l 
N O I N  = M 1 / 2  
RETURN 
END 
$DATA 
DATA IS- 
982 STRONG L I N E  P O S I T I O N  AND STRENGTH CARDS 
1008 WEAK L I N E  P O S I T I O N  AND STRENGTH CARDS 
.STARTING FREQUENCY(=500mO) AND NUMBER(=360)  OF INTERVALS 
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7 
PROGRAM M A I N  
COMMON AKNUIALFAIANUIANUZ,BETA,CNR,C~~PIZICICAMA,PZ,PZA,SEC,SN, 
~SQTA~SRZ,SRZA,SSL,ST ,TRAN,TRANC,TRANSI 'A IT ,WWA~I I , IST ,JMAX,KADD,  
2 KMAX 9 K SL A 9 M 9 KME S S 9 KS T OP 
DIMENSION A K N U ( 1 2 6 0 ) r A N U ( 2 2 5 ) r A L F A ( 3 5 ) r B E T A ( 3 5 ) r C N R ( 3 ~ ) , G ~ 3 6 ) ,  
l G A M A ( 3 5 ) , P Z ( 3 5 ) r  S E C ( 6 ) , S S L ( 6 , 2 2 5 ) r S N ( l 5 O ) , S R Z ( 3 6 ) , S T ( 7 8 7 5 ) ,  
2 TRANC(210),TRANS(210),WAIT(36)~IST(225)~PZA(35~~SRZA(3 
3 5 ) , S Q T A ( 3 5 )  mTRAN(10,210)  
DIMENSION A L ~ 3 5 ) 9 B E L O W ~ 1 0 0 ~ ~ E N D P T O t E N G T H ~ 3 6 ~ ~ E N G ~ 9 ~ ~ P 1 ~ 3 6 ~ ~  
l P ( 3 5 ) r P D I  ( 3 5 ) , S M ( 1 8 ) r S Q T ( ? 5 ) r T 1 ( 3 6 ) , T ( 3 5 ) , f M ( 3 5 ) , W ( 3 6 ) , W W ~ ~ 6 , 1 2 0 ) ,  
2 W T ~ 3 5 ~ r W A B ~ 4 ) r I S T R G L O r I W E A K L ~ 1 0 0 ~ ~ I A ~ 2 2 5 ~ ~ 1 T N ~ 3 5 ~ ~ M T W E A K ~ 1 0 0 ~ ~  
3 N O I N T ( 1 0 1  ~ N O S T R G ~ ~ O ) r N O W E A K ( 1 O ~ ~ H I O R L O ~ l O O ~ ~ I Z E N ( 6 ~  
DIMENSION P D I G ( 3 5 ) r A D O P ( 3 5 ) , P A V ( 3 5 ) , Z A o r Z W ( 2 0 ) , G N U ( 3 6 ) ~ J U M ~ ( 3 5 J  
T I M A = T I M E F ( O )  
CALL  TRAP 
TIMEON = T IMA 
REWIND 2 0  
REWIND 2 1  
MAXNUr859 
G (  1 ) = 1 0  
SRZ(  1 ) = 0 o  
C A L L  KNUMIX(X,Y,OUT*l) 
READ I K P U T  TAPE 5 ~ 8 0 0 ~ K M A X ~ K S L A ~ P C 0 2 , Y l r Y 2 , ~ W ~ I ~ , I I 1 , 4 ) r ~ Z A ~ I ~ ~ I ~ l  
l r l O ~ ~ ~ Z W ~ I ~ ~ I ~ l ~ l O ) ~ ~ E N D P T ~ I ~ ~ I ~ l ~ l O ~ ~ ~ E N G ~ I ~ ~ I ~ l ~ 9 ~ ~ ~ I Z E N ~ I ~ ~  
2 S E C ( I ) r I + l r K S L A \  
DO 5 3 0  I = l , l O  
Z A ( I + l O l = - Z A ( I )  
DO 5 3 1  1 1 1 9 9  
W B A = ( E N D P T ( I + l ) - E N D P T ( I 1 ) / 2 .  
WBB = WBA+ENDPT(I )  
WAAl=WBA*Yl 
WAA2 = WBA*Y 2 
5 3 0  Z W ( I + l O ) = Z W ( I )  
GNU(4*1-3)=WBB-WAAl 
GNU(4*1-2)=WBB-WAA2 
GNU(4+I- l)=WBB+WAAZ 
AAA= 0064 
P P P = 1 0 1 3 0 2 5  
TTf=298.0  
D O P = 5 . 9 7 4 E - 4 / ( 7 0 O o * S Q R T F ( 2 5 0 . ) )  
ELOG2=LOGF(2.I 
PILOG=SQRTF(ELOG2/3o1415927) 
5 3 1  CNU(4*I )=WBB+WAAl 
ELOG2=SQRTF(ELOG2) 
DOPA=DOP/ELOG2 
ROOTPI-SQRTF(3.1415927)  
ALLCOZ=ALLAIR+PCOZ 
COZPMB=ALLCOZ/PPP 
C 0 2 P I ~ C 0 2 P M B / 3 0 1 4 1 5 9 2 7  
C 0 2 P I 2 = C O 2 P I / 2 .  
DO 5 1 0  K=5,36 
DO 5 1 1  J=1,36 
L= (J+3  1 14 
K M E S S ~ l O * ( K M A X + K S L A - l )  
KLOT=KO*10 
A L L A I R = 7 6 0 0 0 / 1 0 2 2 5 0 * 1 0 3 5 9 5 1 / 2 8 8 0 1 5 * 2 7 3 0 1 5  
5 1 0  W(K)=W(K-41 
5 1 1  E N G T H ( J ) = W ( J I * E N G ( L )  
KO= KMAXWSLA 
KNU = KMAX*36 
AAA=AAA/PPP 
ALPHA=AAA*AAA*TTT 
DO 500 1 - 1 9 2 2 5  
J A  1-1 
I S T ( 1 )  = KMAX*JA 
KADD * KMAX*10 
ISWCH = 1 
KPLUS=KMAX+l 
READ INPUT TAPE 5 3  ~ O ~ , ( P I ( K ) , T I ( K ) ~ K D ~ , K P L U S )  
I1=-1 
PLOOK=10. 
DO 100 K = l r K M A X  
KPLUS=K+ l  
P ( K ) = P I  (KPLUS)  
T ( K ) = T I ( K P L U S )  
S Q T ( K ) = S Q R T F ( T A )  
SRZtKPLUS)  = P ( K ) * P ( K )  
P Z A ( K )  = .009+P(K)  
S R Z A t K )  = SRZ lKPLUS)  - S R Z ( K )  
P Z ( K )  = . 0 0 0 2 5 + P ( K )  
A L F A ( K 1  = ALPHA/TA 
S Q T A ( K ) = S Q R T F ( A L F A ( K ) )  
C N R ( K ) - C O Z P I 2 / S Q T A ( K )  
B E T A ( K ) = A L F A ( K ) * S R Z A ( K )  
GAMA(K) = A L F A ( K ) * S R Z ( K )  
5 0 0  I A (  I ) = 6 + J A  
T A = ( T I ( K ) + T ( K ) ) / Z .  
A L ( K ) = S Q T A ( K ) * ( P I ( K ) + P ( K ) ) / Z o  
PDI(K)=(P(K)-PI(K))*COZPMB 
P A V ( K ) = ( P I ( K ) + P ( K ) I / Z o  
P D I G ( K ) = ( P ( K ) - P I ( K ) ) / Z o  
I F  ( P ( K ) - P L O O K )  9 7 0 9 9 7 0 9 9 7 1  
ADOP(K)=DOPA+SQT(K) 
9 7 1  I l = I 1 + 1  
9 7 0  J U M P ( K ) = I l  
P L O O K ~ P L O O K * l l .  
T A A  = TA - 325. 
TAA = T A A  t 25. 
DO 1 0 1  N = 1 9 6  
IF ( T A A )  1 0 1 ~ 1 0 1 ~ 1 0 2  
1 0 2  I T N ( K )  = N 
1 0 1  CONTINUE 
1 0 3  TN = I T N I K )  
GO TO 1 0 3  
TP = 325. - 25.*TN 
100 T M ( K )  = ( T A - T P ) / Z 5 o  
T I M B = T I M E F ( O )  
WRITE OUTPUT TAPE 6 r 8 6 0 , T I M  
T I MA= T I MI3 
I SUB= 1 
DO 900 1 ~ 1 9 3 6  
DELNU=GNU( I )  
T I M  = (T IMB-TIMA1+.001 
1 1 0  READ TAPE ~ O ~ I F I R S T I I L A S T I I M A X W S I K ~ A V N U  
I F  (DELNU-0003)  9 0 1 r 9 0 2 ~ 9 0 2  
901 1 1 ~ - 1  
GO T O  9 0 3  
9 0 2  I F  ( D E L N U - O ~ )  9 0 4 9 9 0 5 9 9 0 5  
F 
904 Il=O 
9 0 5  Il=l 
9 0 3  CONTINUE 
GO TO 9 0 3  
DO 909 KXlPKMAX 
IF (JUMP(K1) 9 1 0 ~ 9 1 1 ~ 9 4 0  
9 1 0  IF (11) 9 2 0 ~ 9 3 0 ~ 9 4 0  
911 IF ( 1 1 )  9 3 0 ~ 9 3 0 ~ 9 4 0  
940 YB=BETA(K)/(GAMA(Kl+DELNU*DELNU) 
YBnYB/(YB+Z.) 
Y C=Y B*Y B 
OUT=C02PI/SQTA(K)*YB*~l~+YC*~o33333333+~2*YCll 
GO TO 9 5 0  
DOPLER=AVNU*ADOP(Kl 
DO 9 3 1  J 3 1 ~ 2 0  
Y B = B E T A ~ K ) / ~ G A M A ~ K ) + ~ D E L N U - Z A ( J ) + D O Q L E R ~ * ~ D E L N U - Z A ~ J l * D O P L E R ~ ~  
IF (YB-02) 932r932r933 
9 3 2  YB=YB/(YB+2.) 
YC=YB*YB 
OUT=OUT+YB*(1~+YC*(~33333333+~Z*YCll*ZW(J~*2~ 
GO TO 931 
9 3 0  OUT=O. 
933 OUT=OUT+LOGF(l.+YBI*ZW(J) 
931 CONTINUE 
OUT=OUT/ROOTPI*CNR(K) 
GO TO 9 5 0  
9 2 0  DOPLER = AVNU*ADOP(K) 
YY=SQTA(K)/DOPLER 
X=DELNU/DOPL ER 
CALL K N U M I X ~ X P Y P O U T ~ P Z I  
CALL K N U M I X ~ X P Y P O U T P ~ )  
OUT=(OUT+OUT1)+PDIG(K)/DOPLER*CO2PMB/ROOTPI 
Y=YY*(PAV(K)-.57735027*PDIG(KI) 
Y=YY+(PAV(K)+.57735027*PDIG(KI) 
950 AKNU(ISUB)=OUT 
909 ISUB=ISUB+l 
900 CONTINUE 
IJ = IFIRST-1 
IMAX = ILAST-IJ 
GO TO (401r402)rISWCH. 
G O  TO 403 
I F ( I J K ) 4 0 1 r 4 0 1 ~ 4 0 4  
IF (ISHIFT) 4 1 0 ~ 4 1 0 ~ 4 1 1  
J = I+ISHIFT 
I SHIFT = I SHI FT*KMAX 
IJKJ = IJK*KMAX 
DO 406 IrlPIJKJ 
J=I+ISHIFT 
401 IJKL=l 
4 0 2  IJK=ILASTA-IFIRST+l 
404 ISHIFT=IMAXA-IJK 
411 DO 4 0 5  IrlrIJK 
4 0 5  ANU(I)=ANU(J) 
406 ST(I)=ST(J) 
4 1 0  IJKL = IJK+1 
4 0 3  IF (IMAX-IJKL) 4 1 2 , 4 1 3 ~ 4 1 3  
4 1 3  READ TAPE 20 P ~ A N U ~ I ~ ~ ~ S S L ~ J ~ I ~ ~ J P ~ , ~ ) ~ ~ = I J K L I I M A X )  
ISUB=IST(IJKL) 
DO 4 5 0  I ~ I J K L P I M A X  
I 
DO 4 5 0  K X l r K M A X  
I S U B = I S U B + l  
JA = I A ( I ) + I T N ( K )  
S S L 1  S S L ( J A - 1 )  
SSLZ = S S L 6 J A l  
SSL3  = S S L ( J A + l )  
4 5 0  S T ( I S U B 1  = S S L ~ + ( ( S S L ~ + S S L ~ - S S L ~ - S S L ~ ) + T M ( K ) + S S L ~ - S S L ~ ~ * T M ( K ~ / ~ O  
4 1 2  I L A S T A  = I L A S T  
I M A X A  = I M A X  
ISWCH = 2 
I F  ( I M A X W )  4 2 0 ~ 4 2 0 r 4 2 1  
4 2 1  READ TAPE 20r(DUMMYr(WWL(JrI)rJ=lr6)rI=lrIMAXWI 
4 2 0  CONTINUE 
T!MB=TIMEF(O)  
T I M  = ( T I M B - T I M A ) + o O O l  
WRITE OUTPUT TAPE 6 r 8 6 1 r T I M  
T I MA=T I MB 
1 2 0  READ TAPE 2 0 r  ANUZr ITOTAL r ~ N O W E A K ( I ) r I ~ l r l O ) r J T O T A L , I L , I t  
1 , ~ N O S T R G ~ I ) , I ~ l r l O ) , ” I N ~ ~ N O I N T ~ I ~ ~ I t l r l O ~ r ~ S M ~ I ~ r I x l r l 8 ~  
I F  ( I T O T A L )  3 8 0 r 3 8 0 r 3 8 1  
3 8 1  READ TAPE 20, (MTWEAK(I)rIWEAKL(I)rI=lrITOTAL) 
3 8 0  I F  ( J T O T A L )  3 8 3 , 3 8 3 9 3 8 2  
3 8 2  READ TAPE 201 ~ B E L O W ~ I ) r t 1 I O R L O ~ I ~ r I S T R C L ~ I ~ r I ~ 1 r J T O T A L ~  
3 8 3  I F  ( N O I N )  3 8 5 r 3 8 5 t 3 8 4  
3 8 4  NON = NOIN*Z 
3 8 5  CONTINUE 
READ TAPE 2 0 r  ( E N D P T ( I ) r I = l , N O N )  
I 1  = I1 - I J  
12 = 12-IJ 
DO 1 3 0  K x l r K M A X ,  
DO 1 3 0  N=1,3 
JA = I A ( N ) + I T N ( K )  
SUM1 = SM(JA-1 )  
SUM2 = S M I J A )  
SUM3 = S M ( J A + l )  
ISUB = I S T ( N )  + K 
M 1  = 1 
M 2  = 1 
M3 = 1 
DO 3 0 3  M = 1 9 1 0  
ANUO = M-6 
ANUO = ANUZ + ANUO*o l  
I F  ( N O I N T ( M 1 )  3 0 4 r 3 0 4 r 3 0 5  
1 3 0  S N ( I S U B ) = S U M ~ + ( ( S U M ~ + S U M ~ - S U M Z - S U M ~ ) * T M ( K ~ + S U M ~ - S U M ~ ~ ~ T M ( K ) / ~ O  
3 0 4  DO 1 3 0 4  I = l r K O  
GO T O  2 3 0 4  
3 0 5  NOIN = NOINT(M1 
DO 999 I t l r K O  
DO 3 0 6  MM = 1 r N O I N  
WA = ENDPT(M1)  
WB = ENDPT(M1+1)  
KSTOP = K M A X + l  
1 3 0 4  T R A N ( M * I ) = O o  
999 T R A N S ( I ) = O o  
WBA= ( WB-WA 1 /2 
WBAA=WBA+lOo 
WBB=WBA+WA 
WAAl=WBA*Yl 
WAAZ=WBA*YZ 
WAB(1) = WEB - WAAl 
WABI2) = WBB - WAAZ 
WAB(3) = WBB + WAAZ 
WAB(4) = WBB + WAAl 
DO 200 1 1 1  = 1 9 4  
I 1  = 1 1 1  
BAD = WAB(I1) + ANUO 
WWA = WIII)+WBAA 
CALL LOOKAT(BAD,Il,Itrl) 
200 CONTINUE 
306 M 1  = M1+2 
2304 CONTINUE 
IF (NOSTRG(M)) 3079307r308 
DO 309 MM = 1,NOST 
L S  = ISTRGL(MZ)-IJ 
FACTER = HIORLO(Mtl*.05 
FACTOR = BELOW(M2)*.05 
DO 2 1 1  K=lrKO 
211 TRANC(K1 = 00 
DO 2 1 2  J = 1912 
DO 213 Js13r16 
DO 2 1 4  J=17r20 
JMAX = 20 
I SUB= I S T  ( L S  1 +1 
CALL CENTRE(ST(ISU6)) 
IF (LS-11) 20392039202 
308 NOST = NOSTRG(M) 
-212 WAIT(J) = W(J)/lO.+FACTER 
213 WAIT(J) = W(J)/So*FACTER 
2 1 4  WAIT(J) = W(J)/Zo*FACTOR 
202 CALL COOKAT(ANU(LS)rIlrLS-l92) 
203 CALL LOOKAT(ANU(LS)rLS+lrI2*3) 
309 M2 = M2+1 
3 0 7  CONTINUE 
311 NOWE = NOWEAK(M1 
IF (NOWEAK(M)) 303t3039311 
I WSCH=O 
DO 3 1 2  MM = lrNOWE 
ISUB = IWEAKL(M31-IK 
DO 600 K=lrKMAX 
JA = IA(ISUB)+ITN(K) 
SSLl = WWL(JA-1) 
SSL2 = WWL(JA) 
S S L 3  = WWL(JA+l) 
600 WT(K) = SSLZ+((SSLI+SSL~-SSL~-SSL~)*TM(K)+SSL~-SS~~)*TM(K)/~O 
6 0 1  DO 603 K=lrKO 
6 0 3  TRANCtK) =-19. 
IF (MTWEAK(M31-1) 601,6019602 
IF (IWSCH-1) 650,6059650 
DO 604 J=lr36 
604 WAIT(J)=lO.*ENCTH(J) 
GO TO 6 0 5  
602 DO 606 K=lrKO 
606 TRANC(K1 = -9 r  
6 5 1  IWSCH=Z 
6 5 0  IWSCH=l 
IF (IWSCH-2) 6519605r651 
DO 607 J = 1936 
607 WAIT(J)=5.*ENtJH(JI 
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6 0 5  J M A X  = 3 6  
CALL CENTRE (WT 1 
KSUB = M 
DO 6 2 0  K = l r K O  
TRAN(KSUB)=TRAN(KSUB)*TRANC(K) 
6 2 0  KSUR = KSUB+10 
3 1 2  M3 = M3+1 
3 0 3  CONTINUE 
WRITE OUTPUT TAPE 6 1 8 5 0 9 A N U Z 9 I Z E N ( f ) r ( ( T R A N ( J I K ) r J I l r l O ) ~ P ( K ) 9 K 9  
WRITE OUTPUT TAPE ~ ~ ~ ~ ~ ~ ~ A N U Z I ( T R A N ( K ) ~ K = ~ , K L O T )  
1 K = l r K M 4 X )  
T I M B = T I M E F ( O )  
T I M  = (T IMB-TIMA)+.OOl  
WRITE OUTPUT TAPE 6 1 8 6 2 r T I M  
NUZ=ANUZ+l  1 
IF(MAXNU-NUZ) 1 0 0 0 ~ 1 0 0 1 t 1 0 0 1  
T I PA= T I M B  
1001 I F ( N U Z - ( N U Z / 1 0 ) + 1 0 )  1 1 0 9 1 1 0 1 1 2 0  
1000 T I M B = T I M E F ( O )  
TIM=(TIMB-TIMEON)*.O01/60~ 
WRITE OUTPUT TAPE 6 9 8 6 3 9 T I M  
REWIND 2 0  
END F I L E  2 1  
REWIND 2 1  
8 0 0  FORMAT ~2I3rF6.4~ZF10.8/4F12.10/5F14~8/5F14~8/5E14~8/5E14~8/ 
1 1 0 F 6 . 3 / 9 F 6 . 3 / ( 5 (  I 3 r F 1 0 . 7 ) l )  
8 0 1  FORMAT (F7.29F6.1)  
8 5 0  FORMAT ( 5 6 H 1  TRANSMISSION I N  THE ONE INVERSE CM INTERVAL CENTRED A 
1 T  F6.1951H INVERSE CM, AVERAGED OVER 0 1  INVERSE CM INTERVALS. 1 
214HO Z k N I T H  ANGLE 1 3 9 8 H  D E G R E E S / ? H O I ~ O F ~ . ~ ~ F ~ O ~ ~ * I ~ / ( ~ H  r lOF8.49 
3 F 1 0 . 2 ~ 1 5 )  
86C FORMAT ( 4 3 H O  TIME FOR F I R S T  SECTION OF THE PROGRAM = F 6 0 l r 8 H  SECO 
8 6 1  FORMAT (43HO TIME FOR MIDDLE SECTION OF THE PROGRAM = F 6 . l r 8 H  SECO 
8 6 2  FORMAT ( 4 3 . H O  TIME FOR CALCULATION I N  T H I S  INTERVAL = F 6 o l r 8 H  SECO 
8 6 3  FORMAT ( 4 3 H O  TOTAL EXECUTION TIME FOR THE PROGRAM = F 6 e l r 8 H  M I N U  
8 5 1  FORMAT ( 1 H l r F 6 . 1 / ( 1 H  17F7.41) 
1 NDS 1 
1 NDS 1 
I N D S )  
1TES)  
END 
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SUBROUTINE LOOKAT ( F R E Q U E ~ I I I l r I I I 2 ~ I I 4 )  
COMMON A K N U I A L F A , A N U , A N U Z ~ B E T A , C N R , C Q ~ P I ~ ~ G ~ G A M A ~ P Z ~ P Z A ~ S E C ~ S N ~  
~ S Q T A I S R Z ~ S R Z A I S S L ~ S T I T R A N , ~ R A N C , T R A N C ~ T R A N S ~ W A I T ~ W W A ~ I I ~ I S T ~ J M A X ~ K A D D ~  
~ K M A X , K S L A ~ M , K M E S S I K S T O P  
DIMENSION A K N U ( 1 2 6 0 ) , A N U ( 2 2 5 l r A L F A ( 3 5 ) , 8 E T A ( 3 5 ) r C N R ( 3 5 ) 1 G ( 3 6 ) 1  
lGAMA(35)rPZ(35)r SEC(6)rSSL(6~225)~SN(lSO)~SRZ(361~ST(7875)~ 
2 T R A N C ( Z l O ) r T R A N S ( 2 1 0 ) , W A I T ( 3 6 ) , I S T ( 2 2 5 ) ~ ~ Z A ( 3 5 ) ~ S R ~ A ~ 3  
35)sSQTA(351 rTRAN(101210) 
DIMENSION ANY(225)rANZ(225)rKN(225)~GI(6) 
I11 = 1111 
I12 = I112 
FREQ = FREQUE 
K SLANT = 0 
JSLANT = M+ KMES S 
F = 00 
DO 2 0 0  I=II11II2 
ANZ(I) ANU(1)-FREQ 
ANY(1) = ANZ(I)*ANZ(I) 
KN(I) = 2 
ISUB = I S T ( 1 )  +1 
IF ( ST(ISUB)/(ANY(I)*ANY(I))-eOOl 2001200*201 
201 KN(I) = 1 
200 CONTINUE 
ANUNx FREQ- ANUZ 
DO 202 KxlrKMAX 
SRE = 00 
KP = K+l 
SNNU = 00 
IF ( G(K)-e00005 ) 300,300*203 
203 IF ( K-KSTOP ) 2041300r300 
2 0 4  GO TO (303*304r303)rII4 
303 SN1 = S N ( K )  
JA = K+KMAX 
SN2 = SN(JA) 
JA = JA+KMAX 
SN3 = SN(JA) 
SNNU = ((SN3+SN1-SN2-SN2)+ANUN*Ze+SN3-SNl)*ANUN+SN2 
304 CONTINUE 
DO 2 1 4  I=IIlrII2 
KK = K N ( I )  
GO TO (206r207) r KK 
206 IF (ABSF(ANZ(I))-PZA(K) 1 208r208r207 
208 ISUB=IST(I)+K 
Y B = B E T A ( K ) / ( A N Y ( I ) + G A M A ( K ) )  
IF (YB-02) 210,2101209 
209 SNNUAzLOGF(le+YB) 
G O  TO 501 
210 YB=YB/(2e+YBl 
Y C = Y  B*Y B 
SNNUAx2e*YB* ( le+YC* ( .33333333+ .2+YC) )  
G O  TO 214 
SNNU = SNNU + ST(ISUB)/ANY(I) 
F=F+SRE-SNNU*SRZA(K)*SQTA(Kl*CO2PIt 
DO 3 1 0  ISLANT = 1vKSLA 
501 SRE=SRE-SNNUA*ST(ISUB)*CNR(K) 
207 ISUB = IST(I)+K 
2 1 4  CONTINUE 
310 GI(ISLANT)=EXPF(F*SEC(ISLANT)b 
G(KP)=GI(l) 
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GO TO 2 1 5  
DO 3 1 1  ISLANTZ19KSLA 
3 0 0  G ( K P )  = 0. 
3 1 1  G I ( I S L A N T 1  = 00 
2 1 5  CONTINUE 
JSLANTZJSLANT-KMESS 
GO TO ( 2 2 0 9 2 1 7 9 2 1 8 ) * 1 1 4  
2 2 0  DO 3 4 0  I S L A N T = l * K S L A  
KSLANT = KSLANT+l  
T R A N S ( Y S L A N T ) = T R A N S ( K S L A N T ) + W W A * G I ( I S L A N T )  
T R A N ( J S L A N T ) = T R A N S ( K S L A N T )  
GO TO 2 0 2  
DO 3 2 1  I S L A N T = l r K S L A  
T R A N C ( K S L A N T ) = T R A N C ( C S L A N T ) * G I (  I S L A N T )  
GO TO 2 0 2  
DO 3 2 2  ISLANT = l r K S L A  
3 4 0  JSLANT=JSLANT+KADD 
2 1 7  KSLANTeK 
3 2 1  KSLANT=KSLANT+KMAX 
2 1 8  KSLANT=K 
TRAN(JSLANT1 = TRAN(JSLANT1 + TRANC(KSLANT)*GI(ISLANT) 
KSLAN T =KSLANT +KMAX 
3 2 2  JSLANT = JSLANT+KADD 
2 0 2  CONTINUE 
RETURN 
END 
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SUBROUTINE CENTREfWT) 
COMMON AKNU,ALFA,ANU,ANUZ,BETA.CNRIC02PI2rC,GAMA,PZ,PZA,SEC,SN, 
~SQTAISRZISRZ&,SSL,ST,TRAN,TRANC,TRANC~TRANS~WAIT~WWA~II~IST~JMAX,TRAN,KA~D~ 
2KMAXsKSLA,M*KMESS,KSTOP 
DIMENSION A K N U ( 1 2 6 0 ) , A N U ( 2 2 5 ) r A L F A ( 3 5 ) , B E T A ( 3 5 ) , C N R ( 3 5 ) , G ( 3 6 ) ,  
l G A M A ( 3 5 ) , P Z ( 3 5 ) r  SEC(69,SSL(6,225l,SN(15O)~SRZ(36)~ST(78751~ 
2 T R A N C ( 2 1 0 )  r T R A N S I 2 1 0 ) , W A I T ( 3 6 ) , I S T ( 2 2 5 ) ~ P Z A ( 3 5 ) r S R Z A ( 3  
3 5 ) , S Q T A ( 3 5 )  r T R A N ( 1 0 ~ 2 1 0 )  
DIMENSION WT ( 40 
DO 2 0 0  J =l ,JMAX 
ISUB = I S T ( J )  
DO 2 0 1  K 1,KMAX 
IF ( E X P I T + 9 . 2 5 )  2 0 0 , 2 0 0 , 2 1 1  
2 1 1  ISUB = I S U B + l  
E X P I T  = E X P I T - A K N U ( I S U B I * W f ( K I  
KSUB = K 
DO 2 0 2  ISLANT = l r K S L A  
TRANC(KSUB)=TRANC(KSUB)+WAff(J)+EXPF(EXPF(EXPIT*SEC(ISLANT)) 
E X P I T  = 0 .  
2 0 2  KSUB = KSUB+KMAX 
2 0 1  CONTINUE 
2 0 0  CONTINUE 
RETURN 
END 
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SUBROUTINE K N U M I X I X I N P Y I N P O U T ~ I ~ )  
DIMENSION A ( 4 2 ) r H H ( l O ) t X X ( l O )  
DIMENSION R A ( 3 2 )  r C A ( 3 2 )  , R B ( 3 2 1 ~ C B ( 3 2 )  P B ( ~ ~ ) P A K ( ~ ) P A M ( ~ ) P D Y ( ~ )  
GO TO ( 4 0 0 , 4 0 1 ) ~ I l  
4 0 0  READ INPUT TAPE ~ P ~ ~ ~ P ~ H H ~ I ~ P I ~ ~ ~ ~ ~ ~ P ~ X X ~ I ~ P I ~ ~ P ~ O ~ P ~ A ~ I ~ P I ~ ~ ~ ~ ~ )  
RETURN 
7 1 0  FORMAT ~5E14r8/5E1408/5F1408/5Fl408/~5El408~~ 
4 0 1  X = X I N  
Y = Y I N  
x 2  = x*x 
Y Z  = Y*Y 
I F  ( X - 1 0 . )  2 0 0 ~ 2 0 1 ~ 2 0 1  
2 0 0  I F  (Y-1.1 2 0 2 r 2 0 t r 2 0 3  
2 0 3  R A ( 1 )  = 0 0  
C A ( 1 )  = 0. 
R B ( 1 )  * 1. 
C B ( 1 )  = 0. 
R A ( 2 )  = X 
C A 1 2 )  = Y 
R B ( 2 )  = .5-XZ+Y2 
C B ( 2 )  = - 2 r * X + Y  
CB1 = C B ( 2 )  
UV1=0. 
DO 250 J ~ 2 ~ 3 1  
JMINUS = J-1 
JPLUS = J+l  
FLOATJ = JMINUS 
RB1 * 2o*FLOATJ+RB(Z)  
R A 1  = -FLOATJ*(2.*FLOATJ-1.)/2. 
RA(JPLUS)=RBL*RA(J)-CBl*CA(J~+RAl*RA(JMINUS) 
CA(JPLUS)=RBl*CA(J)+CBl+RA(J)+RAl*CA(JMINUS) 
RB(JPLUS)=RBl+RB(J)-CBl*CB(J)+RAl*RB(JMINUS) 
CB(JPLUS)=RBl*CB(J)+CBl*RB(J)+RAl*CB(JMINUS) 
UV=(CA(JPLUS)*RB(JPLUS) -RA(JPLUS)*CB(JPLUS)  ) / ( R B ( J P L U S ) + R B ( J P L U S ) +  
I F  ( A B S F ( U V - U V l ) - l o E - 6 )  251,250,250 
l C B ( J P L U S ) + C B f J P L U S ) )  
2 5 0  U V l = U V  
RETURN 
2 5 1  OUT = U V / 1 0 7 7 2 4 5 4  
202 I F  ( X - 2 0 )  3 0 1 ~ 3 0 1 9 3 0 2  
3 0 1  A I N T  * 10 
M A X  = 12.+5.+X2 
KMAX = MAX-1  
DO 3 0 3  Ks0,KMAX 
A J  = MAX-K 
U = -2.*X*AINT 
303 A I N T  = AINT+(-2r+X2)/(2o+AJ+l~)+lo 
GO T O  3 0 4  
3 0 2  I F  (X-4.5) 3 0 5 , 3 0 6 ~ 3 0 6  
3 0 5  B ( 4 3 ) r O o  
B ( 4 4 )  = 00 
J = 42 
DO 307 K * 1 9 4 2  
B ( J )  = . 4 * X * B ( J + l ) - B ( J + 2 ) + A ( J )  
U * B ( 3 ) - 8 ( 1 )  
GO TO 3 0 4  
MAX 2.+40./X 
307 J = J-1 
306 A I N T  1.0 
. ,  
AMAX = M A X  
DO 3 0 8  KX lsMAX 
A I N T  = AINT*(2o*AMAX-lo)/(2o*X2)+1o 
3 0 8  AMAX AMAX -1. 
3 0 4  V=10772454*EXPF( -X i ! )  
U = - A I N T / X  
H = 0 0 2  
J M  = Y/H 
I F  ( J M )  3 1 0 ~ 3 1 1 t 3 1 0  
3 1 1  H=Y 
3 1 0  2 = 00 
L - 0  
D Y ( 1 )  0 0  
3 1 2  D Y ( 2 )  = H/2. 
D Y ( 3 )  = D Y ( 2 1  
D Y ( 4 )  = H 
3 1 8  A K ( 1 )  = 0 0  
A M ( 1 )  * 0 0  
DO 3 1 3  J f1 ,4  
Y Y  = Z + D Y ( J )  
UU U + a 5 * A K ( J )  
VV = V + o S * A M ( J I  
A K ( J + l )  = 20* (YY*UU+X*VV)*H 
A M ( J + l )  = -20* (1o+X*UU-YY*VV)*H 
I F  ( J - 3 )  3 1 3 9 3 1 4 9 3 1 3  
3 1 4  A K (  4 1 =Zo*AK ( 4  1 
A M ( 4 )  = A M ( 4 ) + A M ( 4 )  
3 1 3  CONTINUE 
Z=Z+H 
L = L + l  
U = U + O ~ ~ ~ ~ ~ ~ ~ * ( A K ( ~ ) + Z O * A K ( ~ ) + A K ( ~ ) + A K ( ~ ) )  
V = V + 0 1 6 6 6 6 6 7 * ( A M ( 2 ) + A M ( 3 ) + A M ( 3 ) + A M ( 4 + 5 ~ )  
I F ( J M )  3 1 5 , 3 2 0 9 3 1 5  
3 1 5  I F  ( L - J M )  3 1 8 r 3 1 7 r 3 2 0  
3 1 7  A J M  = J M  
H = Y-AJM*H 
GO TO 3 1 2  
RETURN 
DO 3 3 0  J r l 9 l O  
3 2 0  OUT V / 1 . 7 7 2 4 5 4  
2 0 1  F 1  = 0 0  
3 3 0  Fl=Fl+HH(J)/(YZ+(X-XX(J))*(X-XX(J)))+HH(J)/(YZ+(X+XX(J))*(X+XX(J)) 
1) 
OUT = Y * F 1 / 3 0 1 4 1 5 9 2 7  
RETURN 
END 
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S D A T A  
0 4 6 2 2 4 3 6 7 E  0 0 2 8 6 6 7 5 5 1 E  0 e 1 0 9 0 1 7 2 1 E .  0 0 2 4 8 1 0 5 2 1 E - 1  0 3 2 4 3 7 7 3 3 E - 2  
0 2 2 8 3 3 8 6 4 E - 3  0 7 8 0 2 5 5 6 5 E - 5  0 1 0 8 6 0 6 9 4 E - 6  0 4 3 9 9 3 4 1 0 E - 9  e 2 2 9 3 9 3 6 0 E - 1 2  
b 2 4 5 3 4 0 7 1  . 7 3 7 4 7 3  7 3 1 2 3 4 0 7 6 2  1 . 7 3 8 5 3 7 7  2 0 2 5 4 9 7 4  
2 e 7 8 8 8 0 6 1  3 0 3 4 7 8 5 4 6  3 . 9 4 4 7 6 4  4 . 6 0 3 6 8 2 4  5 3 8 7 4 8 0 9  
.00000000E 0 0 1 9 9 9 9 9 9 9 E  0 . 0 0 0 0 0 0 0 0 E  0 ~ 0 ~ 1 8 4 0 0 0 0 0 E  0 e 0 0 0 0 0 0 0 0 E  0 
0 1 5 5 8 3 9 9 9 E  0 ~00000000E 0 - 0 . 1 2 1 6 6 4 0 0 E  0 ~ 0 0 0 0 0 0 0 0 E  0 0 8 7 7 0 8 1 5 9 E - 1  
~ 0 0 0 0 0 0 0 0 E  0 - 0 0 5 8 5 1 4 1 2 4 E - 1  ~ 0 0 0 0 0 0 0 0 E  0 0 3 6 2 1 5 7 3 0 E - 1  * 0 0 0 0 0 0 0 0 E  0 
- 0 0 2 0 8 4 9 7 6 5 E - 1  .00000000E-0 * 1 1 1 9 6 0 1 1 E - 1  . 0 0 0 0 0 0 0 0 E  0 - 0 0 5 6 2 3 1 8 9 6 E - 2  
~ 0 0 0 0 0 0 0 0 E  0 0 2 6 4 8 7 6 3 4 E - 2  ~ ~ O O O O O O O O E  0 - 0 0 1 1 7 3 2 6 7 0 E - 2  .00000000E 0 
0 4 8 9 9 5 1 9 9 E - 3  . 0 0 0 0 0 0 0 0 E  0 - 0 0 1 9 3 3 6 3 0 8 E - 3  ~ 0 0 0 0 0 0 0 0 E  0 0 7 2 2 8 7 7 4 5 E - 4  
~00000000E00-0025655512E-4  . 0 0 0 0 0 0 0 0 E  0 0 8 6 6 2 0 7 3 6 E - 5  ~00000000E 0 
- 0 . 2 7 8 7 6 3 7 9 E - 5  ~ 0 0 0 0 0 0 0 0 E  0 0 8 5 6 6 8 7 3 6 E - 6  ~ 0 0 0 0 0 0 0 0 E 0 0 - 0 ~ 2 5 1 8 4 3 3 7 E ~ 6  
.00000000E 0 .70936022E- .7  
3 4  6 0 0 3 1 4  e 8 6 1 1 3 6 3 1  0 3 3 9 9 8 1 0 4  
e 3 4 7 8 5 4 8 4 5 1  0 6 5 2 1 4 5 1 5 4 9  e 6 5 2 1 4 5 1 5 4 9  0 3 4 7 8 5 4 6 4 5 1  
e 2 4 5 3 4 0 7 1  0 7 3 7 4 7 3 7 3  1 2 3 4 0 7 6 2  1 . 7 3 8 5 3 7 7  2 . 2 5 4 9 7 4  
2 . 7 8 8 8 0 6 1  3 0 3 4 7 8 5 4 6  3 9 4 4 7 6 4  4 . 6 0 3 6 8 2 4  5 . 3 8 7 4 8 0 9  
e 4 6 2 2 4 3 6 7 E  0 0 2 8 6 6 7 5 5 1 E  0 0 1 0 9 0 1 7 2 1 E  0 0 2 4 8 1 0 5 2 1 E - 1  0 3 2 4 3 7 7 3 3 E - 2  
0 2 2 8 3 3 8 6 4 E - 3  0 7 8 0 2 5 5 6 5 E - 5  0 1 0 8 6 0 6 9 4 E - 6  0 4 3 9 9 3 4 1 0 E - 9  0 2 2 9 3 9 3 6 0 E - 1 2  
e000 0001 0 0 0 2  0003 0 0 0 5  0 0 1 0  0040 0 1 0 0  0 5 0 0  1.000 
0 0 0 1  0 0 0 1  0 0 0 1  e 0 0 2  0 0 0 5  0 0 3 0  e 0 6 0  0 4 0 0  0 5 0 0  
0 1 . 0 0 0 0 0 0 0  1 5  1 . 0 3 5 2 7 6 2  3 0  1 . 1 5 4 7 0 0 5  4 5  1 . 4 1 4 2 1 3 6  6 0  2 * 0 0 0 0 0 0 0  
7 5  3 . 8 6 3 7 0 3 3  
0000.00 270.7  
0 0 0 0 . 3 0  270.7  
9 0 0 0 * 6 0  270.7  
0 0 0 1 . 0 0  270.7  
0 0 0 1 . 3 0  2 6 7 . 1 0  
0 0 0 1 . 6 0  262.6  
0002 .00  257.9 
0002.50 253.2 
0 0 0 3 . 0 0  249.4 
0 0 0 4 . 0 0  243.6 
0005.00 239.2 
0 0 0 6 . 5 0  234.1  
0008.00 2 3 0 . 1  
0 0 1 0 . 0 0  227.7 
0 0 1 3 . 0 0  226.0 
0 0 1 6 . 0 0  224.6 
0 0 2 0 . 0 0  2 2 3 0 1  
0 0 2 5 . 0 0  221.7 
0 0 3 0 . 0 0  220.5  
0 0 4 0 . 0 0  218.6  
0050.00 217.2 
0 0 6 5 . 0 0  216.7 
0080.00 216.7 
0 1 0 0 . 0 0  216.7 
0 1 3 0 0 0 0  216.7  
0 1 6 0 . 0 0  216.7 
0 2 0 0 . 0 0  216.7 
0 2 5 0 . 0 0  220.7 
0 3 0 0 . 0 0  228.5 
0 4 0 0 . 0 0  241.5 
0 5 0 0 . 0 0  251.9 
0 6 5 0 . 0 0  264.8 
0800.00 275.5 
1 0 0 0 . 0 0  287.5  
1 0 1 3 . 2 5  288.2 
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APPENDIX B 
TRANSMISSIVITIES AVERAGED OVER 5.0 cm-1 INTERVALS BETWEEN 502.0 AND 837.0 cm-1 
61 
cn 
Iu 
T R A N S M I S S I V I T I E S  A V E R A G E D  O V E R  F I V E  WAVEYUMBER I N T R E V A L S ,  B E T H E E N  532.C A N D  511.0 WAVENUMBERS 
Z E N I T H  
5c2.0 
1.COG3 
1 .GOO: 
1 .coo3 
1.??03 
1.c9oz 
1 .rn0i' 
1 . C 3 O G  
1 .COO%' 
1 .?sol; 
l.Oc.53 
1.C305 
1 . r \ 3 O C  
1.CGCI.j 
1 . tOir l :  
1 .coo:, 
1 . c w +  
1 .C'I@\? 
1.2~302 
l.OJC?? 
1 .cI?cr: 
.9999 
.9999 
.979'J 
.9991) 
.9997 
.9995 
a9992 
.99BR 
.q979 
.9968 
.9945 
.991B 
.9872 
- 9 8 6 9  
4NGLE = 2 D E G i l E E S  
5G4.0 
1 .oiYL'9 
1 .ooL'c 
1 .oocr) 
1.03.;3 
1.OCC3 
1.0053 
1.003'? 
1 .oocCI 
I .  3(1!10 
1 .OO'lC, 
1.0035 
1 .Cod0 
I .  0030 
1.0030 
1.003i) 
1 .GC;S 
1 0332 
1 .CC3?  
1 .GOnC 
1. cos0 
.9939 
.9979 
.9999 
.9938 
.9997 
.9995 
.9992 
.9979 
.9957 
.9944 
.Y916 
.9869 
.9845 
.was 
505.0 
1 .ocoo 
1.3CO3 
I .CC30 
1 .c9303 
1 .oaoo 
1.ooco 
1 .cs33 
1.5003 
1 .CCCG 
1. GO30 
1 .O@CS 
1 .OGOG 
1 .irO?JU 
1 .cscclJ 
1. c00t.j 
1 .OCC~O 
1. G o o d  
1 .LOU"G 
1 .(l(Jgb 
1.CCJ3C 
.9999 
.9999 
.9999 
.9998 
.9997 
.9995 
999 1 
.9988 
.9978 
.9966 
.9943 
- 9 9 1 5  
.Yo67 
.986 3 
5G6.c' 
1. X O 3  
1.000s 
1. r;oc)c 
1.930;. 
1.0005 
1 GCO3 
1.3303 
1 . 9.3 0 J 
1.03co 
l.COC!: 
1 . OOOG 
2.3cc.3 
1 . co3c 
1.900f.' 
1.000;; 
1 .  3i0C\ 
1. o(100 
1. acoc 
1.i33Gd 
1. ? C C 2  
.9999 
.9999 
.9999 
.9993 
.9996 
.9994 
.9991 
.9988 
.9978 
.9966 
.9943 
e9913 
.9965 
9 8 6 1  
5c7.c: 
1.02i30 
1 .L9G0 
1.COCG 
1 .GGCG 
1.33oc 
1.3oco 
1.CrJCG 
1.COO0 
1 .OCCO 
1.C3s3 
1. OOGG 
1.OCICG 
1 .eczi  
1 .CcIirO 
1.coi)o 
l.C?l.:g 
1 . C O J O  
1. co3o 
1.0309 
1.3C;rG 
.9999 
.9999 
.9999 
.9998 
9 9 9 6  
.9994 
.9991 
.9987 
.9978 
- 9 9 6 5  
9942 
- 9 9 1 2  
- 9 8 6 3  
.9859 
5C8. t  
1.ocoo 
1 .O(?OO 
1 .c!l'lr?9 
1.G000 
1.003t 
1. CCDC 
l.OCi;? 
1.0003 
l . C * C D G  
1.OLCfi  
1 OCQO 
l.OC.00 
1. i.bOC. 
1. OGOC 
1 eGC20 
1 .C'C3L' 
1 .OUd@ 
1.C.OCG 
l.GC00 
1 . :3 iLC,  
.9999 
.9999 
.9Y9Y 
.9998 
9 9 9 6  
.9994 
.999 1 
.9987 
.99 77 
.9965 
.9941 
e9911 
.9861 
.9857 
539.0 
1 .3coil 
1 .c'GOO 
1 .GO30 
1 .GOO3 
1 .OGOO 
1.3CGO 
1.3500 
1 .ooco 
1 .SCDD 
1.3i230 
1.33G0 
1.30~30 
l . r ? U C O  
1.3300 
1 .CO00 
1.0320 
1.sc)co 
1 .ooc3 
1.coc!3 
1 .;coo 
.9999 
.9999 
.9999 
.9998 
.3996 
.9994 
e9991 
.9987 
.9977 
.9964 
e9940 
.9939 
.9859 
.9855 
51C .ij 
1 .cceir 
1 .  SC.5i 
1.(?C3.3 
1 . C 3 t G  
1 .CCCO 
1 .CG3; 
l . iCG0 
1 .coo3 
1 .ooc)c; 
1. ;cos 
1 .CCCO 
1 .CC@iJ  
1 . X O 3  
1 .OG03 
1 .GPO0 
1. \?393 
1 .boo6 
1.020G 
l . O O @ C  
1.c3c.J 
.9999 
.9999 
.9999 
.9998 
9996 
.9994 
- 9 9 9 1  
.9987 
.9977 
.9964 
.9939 
9908 
9856 
- 9 8 5 2  
511.0 
l . O G C \ j  
1.ccci; 
l.irCC0 
1 .cmc 
1 .ZCbC 
1 .ooc3 
1 .owe 
1.oocc 
1.ococ 
1 .rcc:o 
1 .OGiO 
1.00GO 
I.t.UCi0 
1 .OOGO 
1 .oriccj 
1. IQC.30 
1 .OCGO 
1 .CGCL' 
l . i ) C O @  
l.CC?C 
.9999 
.9999 
.9999 
.9998 
e9996 
.9994 
- 9 9 9 1  
,9987 
.9977 
- 9 9 6 3  
.9938 
.99J 7 
.9855 
.9851 
PRESS(MB.1 
3G 
6 0  
1.00 
1.30 
1 - 6 0  
2.co  
2.50 
3 - 5 0  
4.00 
5.00 
6.50 
8.C.0 
12.00 
13.00 
16.00 
2O.iO 
25.CO 
3 i . 2 0  
43 .co  
50.CO 
65.C'O 
83.00 
1c.i .go 
132.00 
16C.30 
2c3.20 
2 5 Cl C 0 
30G.60 
400.1;O 
50G.CC 
65C e30 
80 c, ..c 3 
1COG.CO 
1013.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
1 9  
20 
2 1  
22  
2 3  
2 4  
2 5  
26 
27 
28 
29  
3C 
31 
32 
33  
3 4  
T R A N S M I S S I V I T I E S  AVERAGED OVER F I V E  WAVENUMBER I N T R E V A L S ,  B E T W E E N  512.; AND 521.0 H A V E N U M B E R S  
Z E N I T H  ANGLE = 6 D E G R E E S  
512.5 
1 .OC@:: 
1. OCCd 
1 .!?Do!; 
1 .cot:: 
1 .coo0 
1 .coo7 
1 .cooii 
1.0202 
1 .?a03 
1.cooc 
1 .oc.oo 
1.9303 
1 CnOOG 
1 .!-!TI0 
1.2005 
.9999 
.9997 
.9999 
.9997 
.9996 
.9994 
.999 1 
.9987 
.9976 
e9963 
.9937 
.9935 
.985Z o\ w .9840 
513.0 
l.rllCC0 
1.3020 
1 .OO?iI 
1.ooco 
1 .C ! lGO 
1.0050 
1 .CG3iI 
1.3CCO 
l . C K $  
1.COCO 
1 .':;\Go 
l.rCC3 
1. 0Ijio 
1.OCt33 
1 .:tic 
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1 .om0 
l.CCG0 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
-9998  
e9998 
.999? 
.9995 
.9993 
- 9 9 9 1  
e9986 
.9979 
-9971  
a995G 
-9922  
-9868  
.9799 
e9685 
-9677  
PRESS(M8.) 
30 
60  
1.co 
1.30 
1.60 
2.30 
2.50 
3.00 
4-@O 
5.UO 
6.50 
8 - 9 0  
10.00 
13.C.O 
16.C.O 
20.lro 
25.50 
3CI.GO 
4s  r C 3  
5C.60 
65.00 
83. CO 
1CG.00 
13C.00 
16C.GO 
206.00 
25iI.CO 
3C0.00 
4CG.CO 
506.00 
655.CC 
8CC.OG 
1JO9 C3 
1b13.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
l G  
11 
1 2  
13 
1 4  
1 5  
16 
1 7  
1 8  
1 9  
20 
2 1  
22 
2 3  
2 4  
2 5  
26  
2 7  
28 
29  
30 
31 
32 
3 3  
3 4  
T R A N S M I S S I V I T I E S  A V E R A G E D  O V E R  F I V E  WAVENUMBER I N T R E V A L S ,  B E T W E E N  552.0 A N D  561. i  WAVENUMBERS 
Z E N I T H  AhlGLE = 0 D E G R E E S  
552.4) 
1.cco3 
1.7co; 
1 . C O O 3  
1.cooo 
1 .coo3 
1.03Cr) 
1 . c ? 0 i; 
1 .CCO'! 
l.?~>!?C~ 
1.c.jo:z 
l .COr?!  
1 .PI15 J 
.9999 
.9Y99 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9994 
.9997 
.9395 
.9993 
.9991 
-9986 
.9979 
.997'2 
.9949 
.9923 
.9865 
.9795 
e9678 
ch a9669 4 
553.0 
1.5000 
1.!13*;2 
1 .:::Jog 
1 . .)l?LID 
1.001.;5 
1..3\7;(? 
1. i':353 
1 . ,; i ,; 
1. ?!?.;; 
1 .CO*'O 
1. Gi, 33 
.9999 
.9999 
.9999 
.7993 
.9999 
.9939 
.9939 
.Y919 
.9998 
.Y998 
.9997 
.9995 
.9993 
.3Y93 
.3985 
.09 78 
.Y9h9 
.9947 
.9913 
e9861 
.9758 
9666 
.3657 
554.0 
1 .GO?> 
1.ooc.3 
1 .iCOC 
1 .CC?'I 
1 . onl:. 
1 .orso 
1 .(;Oca 
1.!MC:? 
1 . 9oOiJ 
1. O O G O  
.9999 
.9999 
.9999 . yq99 
.9499 
.9999 
.9959 
.9F99 
.Y999 
.Y9'38 
.9997 
.9Y96 
.9995 
.3953 . 99,W 
.9985 
.99 77 
.3949 
.9946 
.991' 
.9857 
979 1 
9654 
.'3645 
555.0 
1 ..:.3'30 
1 .f!CSO 
1. c;03 
1 . C C O J  
1 .G.)cIG 
1. ;COG 
1.c;"o 
1.LS.jd 
1.,:;09 
1. io52 
.9Y99 
.9999 
.999Y 
.9999 
.9999 
.9999 
.9Y99 
.9999 
.9939 
9998 
.Y997 
.9996 
.9995 
.9932 
.9989 
.9984 
.?I977 
.9968 
.9944 
e9913 
.585 3 
.9775 
9644 
.9634 
556.a; 
l.CiTji7'. 
1.1303 
l.t.;O," 
1.0cc- 
1.G22, 
1.czo3 
1.0.3c2 
1.CI0, 
1.03c; 
.9999 
.9999 
.9999 
.9999 
.9999 
.9993 
.9999 
.9999 
.9999 
.9999 
.9998 
.9997 
.9996 
.9995 
.9Y92 
.9989 
.9984 
.9376 
.9Y67 
.9943 
-9911 
,9848 
.9767 
.963- 
.9619 
557.G 
1.0030 
1. cocs  
1 e G G C 3  
1 . G D C C  
1 . c nt: 6 
1 . C O L O  
1.CGCt 
l.SC23 
I. co.3 3 
.9999 
.9999 
.9999 
,9999 
.9999 
.9Y99 
.9999 
.9999 
.9999 
.9999 
.9998 
.9997 
-9396 
.99Y4 
.9992 
.99a9 
.9984 
-9976 
9966 
.9941 
.99C8 
.9844 
e9761 
.9619 
.9639 
558.C 
l.G-7SC 
1.0353 
1.0303 
1 . 0 C C O  
1 .OiGC 
l.CLO3 
1. ijc.c*o 
1.CC53 
1.2ooc 
0 9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9998 
.9997 
.9996 
.9994 
.9992 
.9988 
.9983 
.9975 
9966 
.9943 
.99L6 
.984C 
.9753 
-96C6 
.9595 
559.0 
1.CS53 
1 .eoi.o 
1.3039 
1.OD03 
1.LSCO 
l.L73;1J 
1.3330 
1 0 C t i i U  
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.Y999 
.9999 
.9999 
.9998 
.9998 
.9997 
.9996 
.9995 
a9992 
m9989 
.9984 
e9976 
a9966 
9 940 
.9956 
-9839 
.9752 
-9631 
.9593 
562'. 0 
1.XCOi) 
1 .G305 
1 . i'L 33 
1 .ccIo3 
1 .coo; 
1.3ioiJ 
.99Y9 
.9799 
.9999 
.9999 
.9399 
.9999 
,9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9998 
.9998 
.9997 
.9995 
.9994 
,9991 
.9987 
9982 
.9974 
9964 
e9936 
.99;0 
-9828 
.9734 
-9572 
.9565 
561.L. 
1.GCSC' 
1 .GGGG 
1.(3c..;O 
1. CG30 
1.3oLJo 
1.CQUO 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9Y98 
.9997 
.9997 
.9995 
.9994 
.999 1 
.9987 
e9982 
.Y973 
a9963 
.9935 
.9898 
.9823 
-9725 
.9557 
.9544 
30 
60 
1.co 
1.30 
1.65 
2.00 
2.50 
3.i.O 
4.G0 
5.JO 
6.50 
8.00 
lG.00 
16.30 
2c.co 
25.50 
32.30 
43.30 
5c .PO 
65.CO 
8 i ' . C O  
1 CL' . i 0 
130.ii) 
162.C1;. 
2C;;'.rjO 
2 5 iJ. :a 0 
302.30 
40; .oo 
5CZ.c'O 
65G. iQ0 
8CC.l?r) 
1ooc.110 
1313.25 
13.20 
1 
2 
3 
4 
5 
6 
7 
8 
9 
13 
11 
12  
13  
1 4  
15  
16 
17 
18 
19 
2C 
21 
22 
23  
24 
25 
26 
27 
2 8  
29  
33 
31  
32 
33 
34 
(3\ 
(33 
T R A N S M I S S I V I T I E S  A V E R A G E D  O V E R  F I V E  WAVENUMBER I N T R E V A L S ,  B E T W E E N  562.0 A N D  571.0 W A V E N U M B E R S  
Z E N  I T H  
562.Q 
1.c303 
1.dcjOO 
1 .G9OC 
l . rJ50 i  
.9999 
.9999 
.9999 
.9999 
.9999 ' 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9998 
.9997 
.9997 
.9996 
.9995 
.9993 
.9992 
- 9 9 8 6  
.998.3 
e9971 
-996i '  
I .coo: 
.999a 
.9931 
- 9 8 9 1  
- 9 8 1 1  
.97c5 
- 9 5 2 2  
.950R 
A N G L E  = 3 D E G R E E S  
563.9 
l.?'C36 
l . i C 5 ;  
l.c'Cr.0 
1.7029 
1.ocrp3 
.9999 
.9999 
.9999 
.9999 
.9999 
,9999 
.9999 
.9999 
.99 99 
.9998 
.9998 
.9998 
.7998 
.9997 
.9997 
9996 
.3994 
.9993 
.9989 
.9985 
.99RC. 
.3973 
.9959 
3929 
.98AR 
.98;5 
- 9 6 9 4  
.95C2 
.94AA 
564 5 
1.003c  
1. GOO5 
1 . O N 3  
1. (5000 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9998 
.9998 
.9998 
.9998 
.9997 
.9996 
.9995 
.Y994 
.9992 
.9989 
.9985 
.9979 
.9969 
.995 7 
- 9 9 2 6  
.9883 
.9795 
.9677 
.Y473 
.945a 
565.0 
1. ' JOG0 
1 .C'.>r,G 
1 .do00 
1 .i)coo 
.9999 
.9999 
.9999 
.9999 
9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9998 
.9998 
.9998 
.9997 
.9996 
.9995 
* 9 9 9 4  
.9993 
.999 1 
.9987 
.9983 
.9976 
.9966 
.3954 
9920 
e9873 
.9778 
e9649 
.9427 
- 9 4 1 5  
566.5 
1. ooou 
1.0005 
1. 3Gi) .;
l . O C G 2  
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9998 
.9998 
.999a 
.9998 
.9997 
.9997 
.9996 
.9995 
.9994 
.9993 
.999;, 
.998 7 
.9983 
.9976 
.9965 
9952 
- 9 9 1 7  
.9869 
.9769 
9 6 3 4  
.9399 
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567.C 
1 0000 
-1.OOGO 
1.cc)c.o 
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.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 . Y 998 
.9998 
.9998 
.9998 
.9997 
.9997 
.9997 
.9995 
.9995 
.9993 
.9992 
.9995 
e9986 
e9981 
.9974 
- 9 9 6 3  
.9949 
e9912 
.986S 
.9752 
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.9353 
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1.GCOO 
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- 9 9 9 9  
.9999 
9998 
.9998 
9998 
.9997 
.9997 
.9997 
.9997 
.9996 
9 9 9 6  
.9995 
.9994 
.9993 
.9991 
.9990 
.9987 
- 9 9 8 2  
9977 
.9969 
.9957 
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.9843 
e9716 
.9548 
9256 
9 2 3 4  
569.0 
l . , 3 C O O  
1 .0000 
.9999 
.9999 
,9999 
.9999 
.9999 
.9999 
- 9 9 9 8  
,9998 
.9998 
.9997 
.9997 
.9997 
.9997 
a9996 
.9995 
.9995 
.999 3 
- 9 9 9 2  
9 9 9  1 
- 9 9 8 9  
- 9 9 8 6  
e9981 
.9975 
- 9 9 6 7  
.9954 
.9938 
.9893 
e9830 
.9699 
- 9 5 2 3  
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1 .  S lOGi i  
1. ccoo 
.9999 
.9999 
.9999 
.9999 
.9998 
.9998 
.9998 
9998 
.9998 
.9997 
.9997 
.9996 
.9996 
- 9 9 9 6  
.9995 
.9995 
.9993 
9992 
- 9 9 9 0  
.9988 
.9985 
.9979 
.Y973 
9 9 6 4  
a9951 
.9934 
,9886 
98  19 
e9679 
.Y48Y 
,9158 
- 9 1 3 3  
5 7  1.0 
1 .occc 
.9999 
.9999 
,9998 
.9998 
.9998 
,9998 
.9998 
.9997 
.9997 
- 9 9 9 6  
- 9 9 9 6  
.9996 
.9995 
.9994 
,9994 
.9993 
9 9 9 2  
.999c 
- 9 9 6 8  
- 9 9 8 6  
.9983 
.9980 
.9973 
a9966 
.9955 
.9939 
e9919 
- 9 8 6 3  
.Y704 
- 9 6 1 7  
.9393 
.9c39 
a8983 
PRESS(HB.1 
.30 1 
.60 2 
1.LO 3 
1.30 4 
1.60 5 
2.00 6 
2.50 7 
3.50 8 
4 .CO 9 
5 .CO 10 
6.50 1 1  
8. I?O 12 
1 t . C O  1 3  
13.30 1 4  
16.C.O 15 
26.C3 16  
2 5 - 0 3  1 7  
18  8::; 1 9  
5L.30 21) 
65.CO 
80. C.0 
100.00 
13C -20 
1 6 3  $0 
2cc .30 
255.CO 
3GC .@G 
- .J 
4C i .30 
5GL.CG 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
28 
2 9  
30 
T R 4 N S M I S S I V I T I E S  A V E R A G E D  O V E R  F I V E  WAVENUYHER I N T R E V A L S ,  B E T W E E N  572.0 A N D  581.0 WAVENUMBERS 
Z E N I T H  4 N C L E  = 3 DEGREES 
572.5 
1 .COCG 
.9Y 99 
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.9998 
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.9998 
.9998 
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.9997 
.9996 
e9996 
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.9995 
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.9992 
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-9982 
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.9999 
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.9993 
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.9997 
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.9995 
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.9993 
,9993 
9992 
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.9977 
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.9954 
.9944 
a9928 
.(I934 
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.I3564 
.8524 
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.9997 
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.9999 
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.9986 
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.9949 
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.9772 
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9996 
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9964 
-9956 
.9949 
-9938 
e9927 
-9911 
.9887 
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9293 
.88CO 
.a183 
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T R A N S M I S S I V I T I E S  A V E R A G E D  O V E R  F I V E  W A V E N U M B E R  I N T R E V A L S ,  B E T k E E N  582.3 AND 59l.C W A V E N U M B E R S  
Z E N I T H  PNGLE = C D L G R E E S  
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.9957 
.9949 
e9941 
e3927 
e9913 
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.9796 
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.95Y9 
.9494 
.9212 
.8845 
.E176 
.74,33 
.6298 
6223 
586.G 
.9996 
.9993 
. 9 9 9 i  
.9988 
9986 
.9985 
9982 
998 1 
.9978 
.9975 
9972 
9969 
.'I965 
.9959 
.9953 
.9946 
.9936 
.9926 
990 7 
.9889 
9862 
.9834 
9796 
.9737 
.9677 
.9596 
.9486 
.9355 
.9Cfi9 
.e571 
.7798 
.6937 
.5754 
5675 
587.0 
.9997 
.9994 
999 1 
.9989 
.9988 
.9986 
.9984 
.9983 
.9983 
.9978 
.9974 
.Y972 
.9968 
-9962 
.9957 
. Y  950 
-9941  
.9932 
.9915 
.98Y7 
.9872 
.9846 
.9811 
e9756 
.97L'il 
.9623 
-9518  
.9393 
.9963 . e641 
.7886 
. 7 3  32  
.5838 
.5759 
588.; 
.9996 
.9993 
.9989 
.9988 
9986 
.9985 
.9983 
-998  1 
.9970 
.9976 
e9972 
-9969 
.9964 
.9958 
-9952 
.9Y43 
.9933 
.9922 
-9902 
.9882 
9852 
982 1 . 9779 
-9716  
e9653 
.9561 
.9441 
a9299 
.8Y 34 
.E481 
-7692 
-6822  
563 1 
-5552 
589.0 
.9994 
999 1 
.9987 
.9985 
.9983 
e9981 
.9979 
.9977 
.9973 
.9970 
.9965 
.9961 
a9956 
.9 947 
.9939 
.9928 
-9914 
.99u3 
.9874 
.9847 
.9807 
.9767 
-97  1 3  
e9630 
9 546 
.9432 
.928O 
e91133 
,8661 
.E129 
-7241  
.6302 
.SO65 
.4985 
593.2 
.9995 
.9992 
.9989 
.9Y 87 
-9986 
,9984 
-9982 
e9981 
.9978 
.9975 
-9971 
.9967 
.9956 
.9948 
.9939 
9927 
.9915 
.9892 
e9963 
9869 
-9835 
.9803 
.9752 
96 79 
-9604 
.9502 
9364 
9292 
.e792 
8292 
7432 
6494 
-5224 
-5141 
59 1 .G 
.9994 
- 9 9 9 1  
.9988 
-9986  . '398 5 
. 99a3  
e9981 
.9979 
.9975 
a9972 
a9968 
- 9 9 6 3  
.9958 
.9949 
-9941  
-9929  
a9916 
.99L 1 
- 9 8 7 4  
.9847 
.9867 
-9766  
- 9 7 1 1  
-9627  
e9542 
a9426 
-9272  
-9094  
a8656 
- 8 1 3 3  
-7255  
-6312 
5G43 
- 4 9 6 3  
PRESS(ML3. j  
3C 
6 3  
1.00 
1.30 
1.60 
2.03 
2.50 
3.GO 
4.CO 
5.00 
6.50 
8.30 
1c. 33 
13.50 
16.GO 
22.c.3 
25. G O  
3C.50 
4 i .  LL) 
53.30 
65.CO 
83.CG 
l G C . C O  
13'2.30 
1 6(' i 0 
2co. 30 
25C'eCG 
30G CC 
4Gi 'a tJ  
5'38; io 
6 5 t 1'0 
851;. 1'9 
1ac1s.30 
1L13.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
11 
1 2  
1 3  
1 4  
15  
16  
17  
18  
1 9  
20 
21  
22 
2 3  
24  
25 
26 
27  
28 
29 
30 
31 
32 
3 3  
34  
T R A N S M I S S I V I T I E S  AVERAGED OVER F I V E  WAVENUMBER I N T R E V A L S P  BETWEEN 592.J AND 6 L l . C  W A V E N U M B E R S  
Z E N I T H  ANGLE = i) D E G R E E S  
592.C 593.3 594.0 595.0 596.b 597.0 598.2 599.0 6CC.U 601.0 P R E S S ( M 8 . )  
.9992 .*I994 .9993 .9988 .9988 .Y 987 .9984 .9987 .Y989 .9988 30 1 
.9988 .999il .999Q 998 1 .998:. .9979 .9976 .9979 .9984 .9984 65 2 
.9984 .9987 .a987 .9974 .9972 - 9 9 7 1  .9967 - 9 9 7 1  .9979 .9980 1 .c;o 3 
e9982 .9986 .9985 .9969 .9967 -9966  .9961 -9965  .9976 .9978 1.30 4 
.9981 .9984 .9384 .9965 .9362 .9961 .9955 .9960 .9973 a9976 1.60 5 
.9976 .99Al  .9981? .'>955 .9953 .9949 .9942 .9948 .9965 ..9969 2.5G 7 
.9973 .9978 .9377 .9753 .994/ ,  .9943 .9935 .9942 e9961 - 9 9 6 6  3.60 8 
.9969 .9975 .9974 .9942 .9934 .9933 9923  .9432 .9954 .9959 4.30 9 
.9965 .9972 .997i? .9734 - 9 9 2 5  - 9 9 2 3  .9912 e9922 .9947 a9952 5.00 I C  
.995Y .99h7 .YY64 .9922 - 9 9 1 3  .9915 .9897 .9908 .9937 a9942 6.50 1 1  
.9954 .9962 .9959 .9912 .9922 .9899 .9883 e9896 -9927  m9932 8.00 12 
.9978 .9983 .9982 .9961 - 9 9 5 6  .9955 .9949 .9955 .9969 .9973 2.CG 6 
.9946 .9956 .9952 .9898 .9888 .9884 .9865 .9880 -9915  .9918 1O.CO 13 
.3935 .9947 .9942 .9878 .YE67 .9861 .9838 .9857 .9896 .9897 13.CO 14  
.9924 .3937 .9931 . '3858 .9847 . 9 8 4 t  .9813 .9835 .9879 .9878 16.CO 1 5  
e9909 .9925 .9917 .9832 . 9 8 2 .:. - 9 8 1 3  .9779 e9896 .98 54 .985C 23.50 1 6  
.9891 .?I929 .9931; .9800 .Y788 .9778 .9737 .9769 ,9825 - 9 8 1 7  25.Gr3 17 
.9872 .?I894 ,9802 .9768 .9757 .9745 .9696 .9734 .9795 .9783 3iJ.:!O 18 
.983h .9@63 .9849 .9727 .9695 .96AC - 9 6 1 6  .9665 .973a - 9 7 1 7  4 i .SB 1 9  
.98@'> .7833 ,9814 -9647  .9636 .9617 .9539 .9599 e9681 e9651 5 L l . i O  25 
.9746 .9798 .9764 .9559 .9549 .9525 .9425 . 9 5 i o  .9597 .9553 65.i-10 2 1  
e9693 ,3743 .4713 '3472 .9463 .943 3 .9312 e94.32 . 9 5 i 2  .9455 8; 00 2 2  
-962  1 9682 .9645 .9358 .935-! - 9 3 1 3  .9164 .9273 .Y 398 - 9 3 2 5  lCi2.30 2 3  
.9512 .9589 .9542 .9192 .9185 -7135  .e946 .9C82 .9225 .913C 13L.CO 2 4  
.943 3 .9495 .9r 39 .9331 e9523 .e962 .a733 e8094 .9:*51 .a934 l6C.53 25 
.9256 .9366 .9L' i9 .A822 .a813 .8736 ,8458 - 0 6 4 9  -8810 .E673 20C.Cc) 26  
.9')61 .9193 .91,12 .a558 .a543 .845il .e111 .e337 -8515  - 8 3 3 9  25;,.20 27 
.884,". .a935 .89ir[! .I3272 5247 - 8 1 3 7  .7737 .7997 .E177 .7983 33;. 30 28 
.e309 e8511 . 9 3 3 3  .7643 .7565 - 7 4 2 8  - 6 9 1 4  - 7 2 3 1  .7398 .7196 4CL.90 29  
7 6 9 1  .7936 .78:?1 .6975 .6819 .6665 .6G59 .6413 6537 .6372 5CC.OC 311 
.671,3 .6973 .682 3 .5954 .5667 .5 5L.2 .4821 .5171 .5228 - 5 1 5 8  652.Cr) 31 
e5699 .5944 .579? .4933 .4543 - 4 3 8 2  .3697 .3997 e4066 .4L33 8GC.GO 32 
,4403 .4583 .4433 .3653 .32!>4 .3365 .2462 .2658 - 2 6 4 1  .2752 l i ' C 6 . i S  3 3  
.4322 .4496 .4346 .3573 .312't .29R7 .23n9 . 2 5 H O  .2563 - 2 6 7 7  1->13.25 3 4  
4 ro 
TRAqSMISSIV IT IES A V E R A G E D  O V E R  FIVE H A V E N U M B E R  INTREVALSt HETktEN 632.5 AND 611.C WAVENUMBERS 
ZENITH ANGLE = 0 D E G R E E S  
6C2.0 
.9993 
.9987 
.9985 
.9983 
.998 1 
.9979 
.9976 
.9973 
.9968 
.9962 
.9954 
.9945 
.9935 
.9918 
.99C2 
.988*> 
.9853 
,9826 
.9772 
e9719 
.9 6 33 
.955a 
- 9 4 5 1  
.9287 
. 9 1 2 i  
.R895 
.R6S2 
,8279 
.7554 
.6 76U 
.5536 
.4354 
.2968 
.2R8h 
6C3.C 
.999c 
.9987 
.9984 
.9982 
.9981 
,9978 
.Y975 
.9972 
.3Y66 
.99611 
.3951 
.9943 
.9931 
.9913 
.9897 
.9a73 
.9R45 
,9816 
.9759 
.9702 
,9617 
.9417 
.9244 
e3531 
-9C.67 
.882'1 
.E520 
.Hl83 - 7429  
.bh09 
,5358 
.4167 
.2797 
.27 16 
604.C 
.9987 
.9983 
.9979 
.9977 
.9974 
.9971 
9967 
.9963 
.3955 
.9947 
.9935 
- 9 3 2 3  
.99r)8 
.9862 
.983>  
.9792 
.9754 
- 9 6 7 9  
.961>5 
e9984 
.9494 
.9383 
- 9 2 3 7  
.9018 . 8 8 3 3 
.a511 
.8 145 
,7756 
.692r! 
.6054 
e4736 
.365 3 
2396  
- 2 3 2 4  
61!5.0 
.9990 
.9987 
.9Y83 
,9982 
.9980 
.9977 
.9974 
,9971  
.YY64 
.Y958 
.9949 
.9939 
.9927 
.99i j9 
e9891  
.9866 
.9836 
.9746 
.9686 
.Y597 
e9576 
.9386 
- 9 8 7 6  
eY204 
. Y G l Y  
8769  
.e445 
.a393 
.7312 
.646Y 
5193  
.3994 
.2637 
- 2 5 5 9  
6 C 6 . 1.; 
.9989 
e9986 
.9Y8 3 
e9981  
.9979 
.9Y 7 6  
.9973 
.9975 
.9963 
.9957 
.9947 
.9937 
9 9 2 4  
.99c5 
.9886 
.9861 
.9829 
.9798 
.9674 
9 7 3 6  
9581  
.9488 
.9362 
- 9 1 7 1  
.8977 
.8717 
.e379 
.0511 
.7195 
e6316 
.4994 
0 3773 
.2428 
- 2 3 5 2  
637.2 
- 9 9 8 6  
.9982 
.9978 
- 9 3 7 6  
.9973 
.9970 
.9966 
- 9 9 6 1  
.9953 
.9944 
.9932 
e9919 
.99 i ,3  
- 9 8 7 8  
.9854 
e9821  
e9781 
9 7 4 2  
- 9 6 6 4  
.9587 
.9474 
- 9 3 6 2  
.9213 
.E772 
.E483 
- 8 1 1 4  
.7720 
. a992 
- 6 8 6 3  
5967 
- 4 6 5 7  
.3479 
.2211 
- 2 1 4 3  
698.G 
9 9 8 9  
.9986 
.9983 
.9981 
.9979 
9 9 7 6  
.9973 
.9969 
.9962 
.9956 
- 9 9 4 6  
a9936 
9923  
.99c4 
.9885 
986G 
- 9 8 2 8  
.9797 
.9734 
.9672 
.9579 
.9485 
.9359 
a9168 
.e974 
e8715 
8378  
.8c114 
7 2 0 9  
m6346 
.5245 
.3832 
- 2 4 7 8  
240G 
6'?9.0 
- 9 9 9 0  
e9986 
.9983 
e9981  
.9979 
a9976 
.9973 
.9970 
e9963 
- 9 9 5 6  
.9947 
.9937 
e9925 
.9906 
- 9 8 8 7  
a9862 
.9830 
.9799 
.9737 
e9675 
e9581 
.9487 
.9359 
9 166 
- 8 9 6 8  
.I3700 
.0350 
.797c 
- 7 1 2 7  
a6222 
e4872 
3638 
2 2 9 4  
.2218 
61C.G 
.9995 
9986  
.9982 
.9983 
.9978 
.9975 
e9972 
- 9 9 6 8  
- 9 9 6 1  
.9954 
.9945 
.9935 
- 9 9 2 2  
.9993 
.9883 
e9858 
- 9 8 2 6  
.9795 
- 9 7 3 1  
- 9 6 6 8  
.9572 
.9476 
.9345 
e9147 
.e945 
- 8 6 6 9  
- 8 3 1 1  
- 7 9 2 3  
7C66 
a6154 
.4834 
- 3 5 7 2  
.2233 
- 2 1 5 4  
611. i )  
.9990 
.9986 
.9983 
.9980 
.9978 
.9975 
- 9 9 7 2  
9 9 6 9  
9 9 6 2  
.9955 
- 9 9 4 6  
.9937 
-9925 
- 9 9 3 6  
.988A 
e9864 .  
.9833 
.9823 
.9743 
- 9 6 8 3  
.9593 
.9533 
- 9 3 8 2  
- 9 1 9 8  
. 9 C l l  
.a757 
8 4 2 9  
.a073 
- 7 2 8 1  
6 4 2  1 
o51C5 
.3857 
- 2 4 4 4  
- 2 3 6 3  
PRESS(M8.1 
e 3G 
6 5  
1 .eo 
1.30 
1.60 
2 *GO 
2.50 
3.C.O 
4.60 
5.CS 
6.50 
8.C.O 
1C.CO 
13.UO 
16.20 
23.c0 
25.CO 
3L.30 
40.co 
53.i)O 
65.CO 
8 ' j . C O  
1 c,LI . I )  0 
133.CO 
1 6Ct 00 
2c2.53 
25C.20 
3CD.CC 
4Cii .C!C 
5bO. 33 
6 5 3  . 00 
80:.20 
1 C ; G J a C I O  
1013.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 
1 1  
1 2  
1 3  
14 
15  
1 6  
1 7  
18 
1 9  
21r 
2 1  
2 2  
2 3  
2 4  
2 5  
26  
2 7  
28 
2 9  
33 
3 1  
32 
3 3  
3 4  
T R A N S M I S S I V I T I E S  AVERAGED OVER F I V E  WAVENUMBER I N T R E V A L S ,  B E T W E E N  612.0 AND 621.0 WAVENUMBERS 
Z E N I T H  ANGLE = 0 DEGREES 
612.3 
.999 1 
.9987 
.9983 
.9981 
.9979 
.997 I 
.997 3 
-997 1 
m9964 
.9958 
.995C! 
e9941 
.993 -: 
.9913 
.9895 
.9873 
.9844 
e9815 
.9757 
.9699 
.4959 
.3735 
.2307 
GI .2228 
613.17 
.9.99r, 
.9987 
.9983 
.9983 
.9978 
.9975 
.9972 
.9969 
.5957 
.9948 
.9939 
,3928 
- 9 9 1 1  
.9893 
.OS71 
e9842 
.9814 
.0757 
373 1 
-9963  
.961h 
.053 j  
- 9 4 1 4  
. 9 2 3 0  
.%58 
.Y812 
.849.2 
- 8 1 3 9  
.7347 
.6472 
,5114 
.3815 
.234tl 
- 2 2 6 4  
614.3 
.9991 
.9987 
.9392 
.998i, 
.9978 
.9975 
.997 1 
.9968 
.9963 
.9957 
.9948 
.9943 
.Y93:! 
e9914 . 9 3 9 8  
.9877 
.9H51 
.9825 
.9773 
-9721  
.9643 
- 9 5 6 3  
.9454 
.9287 
.7115 
. 2 8 8 
.E568 
.a222 
- 7 4 2  1 
- 6 5 2 :  
.51;3 
.3753 
226 1 
-2177  
615.9 
.9991 
9986 
.9901 
.9978 
.9976 
.9972 
.9969 
.9966 
.9963 
.9953 
.I3944 
.9936 
.9924 
.9899 
.99c.7 
9866 
.9837 
.9878 
.9749 
969 1 
.96?2 
.9511 
.9386 
.9194 
.E996 
.8723 
.E3611 
.7957 
.7335 
.6024 
.4514 
.3169 
.1793 
.1719 
616. ;  
.9936 
.9918 
.99C,j:. 
.9888 
.9875 
.9859 
.9839 
.9819 
.9779 
9741  
.9685 
963 3 
.9569 
,9481 
.9393 
.9334 
e9199 
.91C9 
.a957 
.883L 
.E668 
.E523 
.8345 
. m 9 5  
. 7 8 5 i  
- 7 5 3 1  
.7123 
6692 
.5773 
.4842 
.3544 
2440 
. i 3 4 a  
- 1 2 9 1  
617.IY 
992G 
.3894 
- 9 8 6 8  
- 9 8 5 1  
.9835 
e9814 
.9789 
.9764 
.9717 
e9671 
.96L 6 
.3544 
7468  
- 9 3 6 3  
9261  
- 9 1 4 2  
.90~18 
.E889 
- 8 6 8 2  
.R5:5 
- 8 2 7 1  
- 8 3 6 1  
.78r,4 
.7454 
e7133 
- 6 7 3 6  
e6259 
.5773 
4766 
3866 
. 2 7 i  3 
- 1 7 9 7  
-0956  . "C17 
618.C 
992C 
.9893 
- 9 8 6 6  
.9a48 
9832 
.981C 
.9735 
.976C 
- 9 7 1 2  
e9665 
.9599 
.9537 
.9459 
.935c 
.c)24Y 
-9126  
.E989 
.E867 
.E654 
.E469 
.E226 
.8bG5 
.7734 
- 7 3 6 3  
.7 ;21 
.6596 
.6584 
.556!1 
.4492 
.34Y 5 
.2250 
.1326 
.3551 
.5516 
619.Q 
e9919 
- 9 8 9 1  
- 9 8 6 4  
.9846 
- 9 8 2 9  
.9838 
.9782 
.9757 
.9738 
- 9 6 6 1  
.9595 
- 9 5 3 2  
.9454 
.9344 
a9242 
- 9 1 1 9  
a8980 
.RE57 
- 9 6 4 0  
.a453 
- 8 2 0 5  
.7985 
.7704 
e7325 
- 6 9 7 6  
- 6 5 4 1  
- 6 3 1 6  
.5479 
- 4 3 8 0  
.3357 
.2C98 
1192  
.Ci471 
.13439 
622.0 
.9918 
.989C 
- 9 8 6 1  
.9 843 
-9826  
-9804  
.9778 
.9753 
.Y7C4 
-9657  
.959u 
-9527  
.9448 
.9338 
e9237 
e91 13 
.a975 
-8852  
-8637  
.E452 
.E208 
.7988 
.7723 
.7355 
- 7 3 2 3  
-6615  
e6128 
5632 
e4607 
3633 
e2383 
-1426  
- 5 6 1 4  
.0577 
621.C 
.9973 
.9958 
.9943 
.9934 
e9927 
e9919 
a9910 
.99C1 
a9886 
- 9 8 7 2  
,9851 
e9832 
.98i;7 
a9769 
,9731 
- 9 6 8 1  
- 9 6 1 8  
.9557 
.9436 
.932C 
e9149 
.E980 
a8761 
8446  
- 8 1 4 7  
7768  
7297 
6 7 9 4  
e5686 
.4555 
e3018 
- 1 8 6 6  
.2771 
aC723 
P R E S S ( M B .  1 
.30 
6G 
1. co 
1.30 
1.60 
2.  ('3 
2.50 
3.LO 
5.i:O 
4 - 6 0  
6.50 
8.30 
1L.CO 
13.CO 
16.2,C 
2C.CO 
2 5 - 3 0  
3 f l . C O  
4 C . C O  
5c.90 
65.t.O 
8b.CO 
10;.1'0 
13; .L3 
16G.C60 
2C J . G G  
253.20 
3 0 ~ .  5 3  
465 .GO 
50C.i.O 
65G.00 
8W.5J 
1 C C L . C G  
1113.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1G 
1 1  
12 
13 
14 
15  
1 6  
17 
18 
1 9  
21 
2 1  
2 2  
2 3  
2 4  
25  
26  
27 
28 
2 9  
33 
31  
32 
3 3  
3 4  
4 e 
T R A N S M I S S I V I T I E S  A V E R A G E D  OVER F I V E  WAVENUMBER I N T R E V A L S ,  B E T W E E N  622.3 AND 631.0 WAVENUMBERS 
Z E N  I TH 
622.C 
.9985 
.9977 
.9969 
.9964 
e9960 
.9955 
.9950 
.9945 
.9935 
-9928 
a9916 
.9904 
.9889 
e9866 
.9843 
e9812 
.9773 
,9735 
.9658 
.95a2 
-9468 
.9351 
e9193 
-8952 
.87C6 
.a374 
.7454 
6336 
a5123 
.3393 
.230c 
.C82R 
.c775 
.793a 
ANGLE = 0 DEGREES 
623.G 
.9983 
.9974 
e9965 
9960 
.9955 
.99 50 
.9945 
.9939 
.9933 
.Y921 
.99 t7  
.V895 
.9878 
.9854 
.9829 
.9795 
.9754 
e9712 
-963: 
.955; 
.9428 
.931:3 
.9135 
.887!3 
.a616 
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.17c7 . L 9 9 4  
.b436 
.C130 
.C532 
.3SCl 
.G103 
. c 2 LI 
.c;oo . .iL c 
.Ci':C 
659.0 
,9932 
.9903 
- 9 8 6 2  
- 9 8 3 1  
.9890 
.9757 
.9705 
,9652 
- 9 5 4 6  
- 9 4 4 1  
e9285 
e9132 
.E930 
.E633 
.8 340 
.7958 
.7490 
-7336  
- 6 1 7 3  
.5378 
e4325 
.3439 
.2495 
1498 
- 3 8 6 1  
.?376 
.,7113 
.7 :29 . L? ,3 L' 1 
. ? i 2 0  
. ,: 1 8: c, 
.ncr;3 
..:oca 
'117" .. c - Y  
6 6 ;  - 0  
.9938 
a9913 
.9882 
.9855 
.9829 
.9794 
-9751  
.9707 
.9618 
-9528  
.9 394 
e9259 
.9383 
.E811 
.e544 
-8192  
.7758 
.7332 
.65 14  
.5747 
-4711  
.3816 
.1767 . l i 5 8  
. i 4 9 7  
.?175 
-2838  
eUli51 
.GLO3 
.C;.@j 
. i 3r.L 
.1:co; 
.LC!I5 
.coo3 
661.U 
.9944 
- 9 9 2 3  
.9893 
987 1 
.9848 
e9818 
,9779 
.9740 
- 9 6 6 1  
- 9 5 8 2  
9 4 6  1 
.934@ 
- 9 1 7 9  
.E938 
8697 
.E378 
.7983 
.7594 
- 6 8 3 8  
e6119 
- 5 1 2 9  
- 4 2 5 2  
3260 
.2122 
e13313 
e0668 
- 2 2 5 3  
.;a87 
.Goa8 
.cc; 1 
. '.J i. s G 
. io.ii) 
*i'cc;c, 
.i!CCC 
PRESSIME.) 
.30 
60  
l.bO 
1.30 
1.69 
2.00 
2.50 
3.90 
4.20 
5.2G 
6.55 
8.GO 
1c.iro 
13.50 
16.C3 
2C.iiG 
25.U3 
31;..c3 
4G .30 
5c.io 
65.00 
8;. OG 
1CC.CC 
136.33 
1 6 2.3 C 
2cJ2. c 0 
2 5 r ~ .  53 
390.2il 
40" .GO 
5611 . c. 0 
6 5 3 ?,O 
8CJ.OC 
1 L G C  .cc 
1013.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
11 
1 1  
12 
1 3  
14 
15  
16 
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
25  
26 
27 
2 8  
2 9  
35 
31  
32 
3 3  
34  
4 
03 
T R A Y S M I S S I V I T I E S  A V E R A G E D  O V E R  F I V E  WAVENUMBER I N T R E V A L S ,  B E T H E E N  662.3 AND 671.6 WAVENUMBERS 
Z E V I  T H  
662.0 
.9939 
.9915 
.9857 
.9831 
.9797 
.9753 
.9708 
.9619 
,9528 
.9392 
.9257 . 9 1,: 7 7 
.R81; 
.E548 
e82Q6 
.779? 
.7388 
.6525 
.5317 
.4959 
.4122 
.318h 
.9n82 
-2115 - 1363 
.9719 
.!?295 
.c 11; 
::c12 . d? .: c 1 
.cnoc' 
.3co 3 
. r *3 G I : - h *-. .- . . - - _  
ANGLE = C O E G R E E S  
663.0 
.9948 
.9928 
-99C.2 
9883 
-9863  
.9837 
.98:14 
.9769 
.97;2 
.9632 
-9527  
.928C 
.9569 
.8857 
.8576 
.8228 
,788  3 
.6567 
.5665 
.3901 
,2761 
942 1 
-7211 
.4a49 
1912 
. I129 . : I  549 . ,249 
.1:343 
.'IC66 
. 1: c 5 c 
.2(323 
.3G'j:J 
. - -' .I .< 
664.G 
.9955 
.9939 
.9919 
.9934 
.9889 
.9868 
.9843 
.9816 
.9762 
.9758 
.9625 
,954;. 
.9428 
.9257 
.9085 
.a854 
.e564 
8273 
-7693  
.7119 
.6?84 
.5493 
.4523 
.3278 
,2293  
. i 3 5 1  
.GL43 
.0283 
.OfJ46 
.r".??6 
. OC$C 
.OG3C, 
. O O ~ O  . O O J  2 
665.0 
9920 
.9834 
.9858 
.9836 
.98C1 
.9763 
e9717 
.9673 
.9593 
.!I519 
.9414 
.9183 
.8989 
.a795 
.a535 
.h212 
.7263 
.6657 
-9314 
-7891  
a5821 
.5317 
.4387 
.2934 . i i 4 6  
. 12:?7 
.(;583 . G26C 
.ii?44 
.3!:?6 
L C ' 9 G  
.C??C 
.> ) i17C . ;; < 'j j 
666.0 
.9685 
960 1 
.9493 
.941L 
-9327 
-9219  
.9r\89 
8967 
.8748 
.855?  
e8311 
8 1C.4 
.787 _I 
.7582 
.7342 
.7C71 
.6775 
.6505 
.6CC3 
.5528 
e4854 
.4225 
.2497 
3463 
1743 
. L I J ~ R  
,81496 
.e224 
. W 3 9  
. X i  5 
.'ILLLs 
. 3 : o s  . ?CGC 
. ijol?*) 
667.0 
.9653 
.9546 
a9423 
e9326 
e9236 
.9 12c 
.a984 
e8856 
.E629 
8431 
-8179  
7968 
.773u 
.7435 
e7188 
.69?7 
.6599 
e6319 
. 5 8 t l  
e5314 
-4627 
.3989 
3226 
.2278 
-1563  
. r. 9 c 2 
.;431, 
.Gl94 
.oc 34 . :? c. I) 5
. 0 0 i, L? . r; c ,2 r.t . 9 c, ~ l ~ . ~  . ::ooc 
668.C 
e9642 
9536 
.94G4 
.9307 
-9211 
.9289 
.8944 
.88C9 
8564 
8349 
. 8b72 
.7a35 
.7565 
.6928 
.6589 
-6213  
.587C 
5243 
.467 1 
-7221  
.389n 
.32 19 
.2455 
1581 
.5977 
.348ci 
-2175  . C.C 56 
.GC?4 . .;G.J'. 
..iSSJ . ci;ci   c' c. 3 ( : I  . UG9:: 
669 0 
-9634 
-9523  
e9385 
-9282 
e9182 
.9-53 
e8931 
.I3757 
.8497 
.8267 
.7967 
.77G9 
e7410 
-7526 
.6695 
.63:8 
.5879 
.5493 
-479  1 
e4172 
a3367 
.2690 
1963  
-1186  
-3691  
e13315 
-5134 
.:030 
.5i?32 . .'I 2 'J L 
.1,,'33 
."CO . >o:~o 
.3"3 
672.3 
9668 
a9567 
.9444 
.9354 
e9266 
-9154 
.9C20 
.8656 
. an92 
8443 
-8161 
e7915 
e7628 
7260 
m6943 
6575 
e6167 
.5795 
.5119 
e4513 
3697 
.2996 
e2226 
,1379 
.0821 
C 382 
.C 1 2 8  
.cc.37 
.2902 . i s0 3 
. 'j i i?3 
.CLiG3 
.o!lo; 
. ,>L23 
671.C 
a9899 
-9854  
- 9 8 0 1  
- 9 7 6 3  
m9727 
e9682 
e9627 
.9574 
.9469 
a9366 
.9213 
-9063  
e8864 
e8568 
e8274 
.7889 
.7418 
696 1 
e6099 
e5315 
.4266 
-3388  
-2458  
-148  1 
L: 866 
0 396 
-3131  
. cc37  
.oc.32 . c 0 :I c 
.CCCd 
.GCi.G 
.3ccu . ? C d C  
P R E S S ( M B . 1  
.3c 
.60 
l.GO 
1.60 
2.31) 
2.53 
3 . t 0  
4.60 
5.10 
1.30 
6.50 
8.60 
1G.00 
13.30 
16.i'O 
26.c0 
25.00 
35.g0 
43.03 
5c.29 
65.03 
85.C3 
l0G. 00 
13; -20 
1 6 2 . ~ 0  
200.30 
25G.Cr) 
362.10 
4GG.L.3 
531,.t0 
6 5L. C i? 
8GJ.tJ 
1303. G O  
1G13.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
19 
11 
1 2  
13 
1 4  
15  
16  
17  
18 
19  
20 
2 1  
22 
2 3  
2 4  
25 
26 
27 
28 
29  
35 
3 1  
32 
3 3  
34 
T R A N S M I S S I V I T I E S  A V E d A G E D  O V E R  F I V E  WAVENUMBER I N T R E V A L S t  B E T W E E N  672.; AN[) 681.; WAVENUMBERS 
Z E N I T H  A&GCE = 0 OEG9EES 
672.9 
.9931 
.9904 
.9865 
.9835 
.9804 
.9763 
.9712 
.9h60 
.9558 
.9455 
-9336 
e9157 
e8961 
.E669 
- 8  382 
.8’30\1 
.7535 
.7383 
e6225 
.5435 
.4389 
.351’! 
-2575 
.1583 
.?‘I41 
673.0 
.9937 
-9912 
.9877 
.985C 
.?E22 
.7785 
.9738 
.9691 
.9596 
e9501 
.9358 
e9214 
9 i 2 4  
.a739 
.8457 
. 8085 
7628 
.7182 
.6333 
.5546 
.4495 
36r2  
.2642 
1634 
.!I929 
.;:4c>7 
.0123 
i G 3 2  
. C I 9  11 
.CC.cjQ 
. 2t.33 
.13?C’: 
.3SL3 
.& j03  
.- - 
674.q 
-9931 
.99.?3 
.9864 
.9834 
.9833 
.9762 
.971‘5 
.9658 
-9552 
.9447 
,9288 
.91.3’) 
-8919 
86C 5 
.ti274 
.7886 
.7388 
.69L4 
5992 
.51h@ 
.4074 
e3184 
.2268 
.0750 
1332 
e0316 
.e295 
.3021 
.ooq- 1 . O O C  2 
.r)#T.> 
.ooc 2 . oc”.c . n n t .3 
675.C 
.9935 
,9909 
-9871 
.9812 
9772 
-9721 
96 7ii 
e9567 
.9a42 
.9464 
.93C8 
e9152 
.8943 
.E6311 
-8319 
7906 
.7399 
.69C 3 
.596u 
5C96 
.397c 
.3355 
- 2 1 2 3  
1194 
.~:636 
.it245 
.CC6CJ 
.5512 
.2:.c‘?3 
.?i‘Ci; 
.v;:u 
. J C 3 5  
.UI33i3 
.Ct??J  
676.2 
.9934 
.9907 
.9867 
9836 
.98G6 
9764 
.9711 
.9658 
.9552 
.9446 
9287 
e9128 
-8917 
86C 3 
.E292 
.7885 
.7388 
.6958 . 60U3 
,5179 
.41C3 
.3215 
. 2288  
.1321 
e0714 
. i 2 7 7  
.0368 
.Sil l3 
.s;:o: 
.cL;c.; 
. iLC -* . i c o c  . s:i;(y- 
.oocT, 
677.3 
,9933 
.99c4 
-9862 
e9829 
9797 
.9752 
.9639 
.9525 
.94L9 
-9233 
91’56 
.8822 
e8472 
.E129 
9696 
.7682 
e7142 
.6626 
5668 
-4813 
e3726 
-2857 
.1979 
. l  l i 2  
.c575 
.G211 
.GP48 
:7iC8 
.L3Si, 
.30c c 
,- - .- .. .. U L L  
.c-33.3 . c :; :: 3 
r n ’- - .- , C k  
678.Q 
.9928 
.9899 
a9856 
.9823 
.9790 
.9745 
.9689 
.9632 
.9436 
.92 37 
-9C68 
.E845 
e8513 
.E184 
.7754 
.7231 
.6727 
.578? 
.4925 
.3823 
2930 
.2c 20 
.1111 
.0571 
95 19 
e5205 
.0‘345 
.pJ338 
:coo 
.c3co 
. ;r,<,u 
. C a l i 3  
.L.c0 
.L?r,@(i 
679 0 
.9933 
.9905 
e9863 
-9831 
.Ut350 
-9756 
.970 3 
.9648 
.9539 
e9431 
- 9 1  ‘92r 6 
-8891 
-8571 
.a254 
.7839 
.7333 
- 6 8 4 3  
e5920 
.5580 
.3985 
.3384 
e2150 
1195 
e 2617 
.5222 
.3049 
.T;L‘G8 
. C L O G  
.?.c30 
.?G:C 
.3i)oo 
.3coo 
.5335 
68G.O 
.9924 
.9889 
.9843 
98C 1 
9763 
.9710 
.9646 
.95RI; 
-9451 
e9322 
-9131 
8943 
8698 
.a339 
.7991 
.7545 
.7015 
-6512 
.5588 
-4766 
.3715 
.2864 
.1113 
1993 
0 582 
-0214 
.0059 
.c,’a3 . C C O 3  
.C,L.OG 
. i l C O j  
.i,;GJ 
.SGCG 
. rx49 
681.0 
.9933 
.9964 
e 9862 
.9835 
.9798 
.9755 
.97L2 
9648 
-9541 
.9433 
a9273 
- 9 1 1 3  
.89ti3 
8588 
- 8 2 7 8  
.7870 
.7374 
e6895 
-5991 
-5167 
e4092 
32; 3 
-2274 
.13s9  
.G707 
. J275  
.Ot68 
- 0 0 1 3  
.dGGG 
.L:C3G 
mL7CijS 
.CC>C 
.GCiG 
.o‘Jj; 
P R E S S ( M R . 1  
30 
.6C 
1.CO 
1.30 
1.63 
2.cc 
2.5C 
3.vo 
4.bC 
5.iO 
6.50 
8,CO 
lC. i0  
13-22 
16.L3 
2C.L.o 
25.C3 
3CaC3 
43.c3 
50.00 
65.CS 
8L .bo 
1C2 C3 
13J.C: 
16i .t,D 
2cc . t o  
25: .iO 
33G.CO 
4Ci .C0 
5Ct . C a t  
65C.30 
8CL.CO 
1’;Cd. 00 
1d13.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
11 
1 2  
!3 
1 4  
15  
16  
1 7  
18  
1 9  
23  
21 
22 
2 3  
2 4  
25 
26 
27  
28 
29 
3u 
3 1  
32 
3 3  
3 4  
T R A Y S M I S S I V I T I E S  A V E R A G E D  O V E R  F I V E  W A V E X U M R E R  I N T R E V A L S ,  R E T W E E N  682.2 A N D  691.5: W A V E N U M B E R S  
8 
Z E Y I T H  A N G L E  = G D E G R E E S  
682.9 683.0 684.5 685.43 686.0 687.0 
e9936 
.9912 
.9875 
.9847 
e9821 
688.3 689.2 69C.b 691.C 
-9941  
- 9 9 1 9  
.989b 
m9867 
.9845 
P R E S S ( M 8 . I  
.9928 .9933 .9934 
.9898 .99c,5 .Y9,,76 
.9856 .3864 .9867 
.9824 .9833 .9837 
a9791 .98Q2 .99:7 
.9934 
.99C 6 
9868 
.98 38 
.9809 
.993G 
.99c  3 
.9864 
.9834 
.9805 
,9929 
.990 1 
a9861 
e9830 
.9799 
.9938 
-9915 
.3882 
.9857 
a9832 
.9799 
.9757 
e9717 
-9635 
.9555 
.9935 
e9912 
.9881 
.9857 
.9834 
.30 1 
60 2 
1.50 3 
1.30 4 
1.63 5 
.9747 .9 76C .9766 
.9693 .3708 .9716 
.963a .9655 .Y665 
,9529 ,9551 .9565 
9 425 .‘I447 .0466 
.9769 
e9720 
.9573 
.9476 
. 9 6 r i  
9765 
.9716 
.9568 
9666 
-9471  
.9784 
. 9 7 4 t  
-9695  
.96rlC 
-9519  
.9758 
.9708 
.9657 
.Y558 
.9461 
-9802 
e9763 
.9724 
.9646 
-9569 
-9815  
.9779 
-3742 
-9669  
.9597 
2.c.o 6 
2.5G 7 
3.30 8 
4.CJC 9 
5.0G 15  
-9257 -9292 .9317 
.9C96 .‘4137 -917C 
.E583 .R932 .E976 
-8565 8626 -8686 
.a251 .E322 .a4170 
.7937 -7922 -8023  
.7334 .7433 -7563  
.4846 .h958 .7116 
5,; 86 -5232 .5431 
.5925 - 6 C 5 C  62 7 3  
.Y33C 
.9184 
.a990 
8699 
8437 
9327 
.9184 
8996 
.E716 
.a439 
.9388 
e9259 
.9088 
.8834 
-8582 
-9318 
-9179 
.a998 
-8731  
-8471  
a9436 
-9318  
-9163  
-8932 
e8702 
9456 
.9344 
e9197 
8976 
.a757 
-949  1 
a9386 
-9248  
9042 
.E837 
6.50 11 
8.20 12  
13.00 1 3  
13.00 1 4  
16.00 15  
. a?2o 
.7546 
.7S84 
e6213 
5423 
. RC74 
.7632 
.7199 
.6382 
5631 
.8249 
e7841 
7442 
6679 
.5965 
-8131  
77211: 
-7325  
.658C! 
.5896 
843 1 
. 8 t 3 2  
-7668 
-6974  
e6322 
-8469 
e8114 
7767 
.71’97 
-6461 
e8568 
e8238 
.7915 
7291 
-6699  
20.2@ 16  
25.33 17  
32.50 18  
40 . ‘.0 19  
50 30 20  
.4378 
.35r?8  
.2583 
1596 
.L349 
a4631 
.3779 
.2857 
. l a 4 6  
e1159 
.4988 
,4128 
3161 
.2’36C 
1295 
497 1 
-4160 
.3248 
.1448 
-2196 
-5420 
-4614  
3688 
-2595 
-1793  
5568 
.4754 
.3804 
e2667 
1832 
5865 
.511;1 
e4195 
.3C83 
e2234 
65.30 2 1  
ec.00 2 2  
2 3  1c3 .30  
2 4  130.00 
16C.iO 25 
.3791 
..I334 
.1;123 
.GO11 . EC.C L* 
1C57 
.o 5 i  4 
-0214 
.3027 
.‘;5$2 
1074 
eL7512 
.V218 
.01;27 
. i ,@>2 
142G 
e5762 
.c374 
.CG65 
.30.:8 
2OG.69 26 
25O.CC 27  
3GG. CO 2 8  
403.33 29  
502. G O  30 
653.26 31  
!j 0 32 
1CG;I’ .  3G 33 
1013.25 34 
---------- 
T R A N S M I S S I V I T I E S  AVERAGED OVER F I V E  WAVENUMBER I N T R E V A L S ,  B E T W E E N  692.6 AND 761.0 WAVENUMBERS 
Z E V I T H  ANGLE = 0 D E G Z E E S  
692.5 
.994 1 
.9921 
.9894 
.9873 
.9853 
.9825 
.9792 
.9758 
.969 1 
.9625 
.9528 
a9432 
.9305 
-9117 
e8929 
-8681 
.E376 
.BO77 
e7496 
.6942 
.6156 
.542;3 
.4553 
.3444 
2 564 
1688 
.3949 
.?492 
.@l%j  
.3C14 
693.0 
.9943 
a9924 
.9899 
.9879 
.986C 
.9834 
.9802 
.9770 
.976‘5 
e9641 
.9545 
.9449 
e9322 
-9132 
8941 
.e691 
.€I384 
.81;85 
.75rJ9 
-6963 
e6197 
.5492 
.4649 
.3579 
e2723 
.1855 
1C79 . ,? 6 .:! 6 
.3142 . :: s 2 3 
. 3i;l 
.(>,21:,6 . .I c ,; c . !jT-dZ 
694.0 
-9941 
e9922 
.9897 
.9878 
.9859 
.9834 
.?a24 
.9773 
.Y713 
.9653 
.9565 
.9479 
.9366 
e9196 
e9028 
.E806 
e8532 
8264 
1744 
.7246 
.6543 
. 5 9 5 1  
.5017 
.40(.5 
.31Y1 
.2305 
.1492 
.uY15 
,0278 
e0062 
.OI)C‘t . tCI9 i 
.03J 3 
.C)O”O 
695.0 
.9943 
e9925 
.9932 
.9885 
.9869 
.9846 
a9819 
9792 
.9738 
.9684 
.96,36 
.9427 
.9274 
.9121 
8919 
e8668 
9529 
.e425 
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.9998 
.9997 
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.9995 
.9994 
.9993 
.9992 
.9c391 
.9988 
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.9983 
.9977 
.9973 
-9961  
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1.3CcIC 
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.9998 
.9998 
.9998 
.9998 
.9997 
.9997 
.9907 
e9996 
-9996  
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.99!'5 
.9994 
.9992 
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.9989 
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TRANSMISSIVITIES A V E R A G E D  I I V E R  FIVE W A V E Y U M B E R  INTREVALS, B E T W E E N  772.0 AND 781.C W A V E N U M B E R S  
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.999Y 
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.9999 
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1.0050 
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.9994 
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e9983 
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.9992 
.9993 
.998B 
.9984 
.9979 
.9993 
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.9984 
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.9993 
9991 
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.9969 
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.9973 
.99 59 
.9945 
.99C6 
9 8 5 4  
.9971 
e9960 
9946 
.99c9 
.9858 
.9971 
.9946 
9909 
.9859 
a9960 
- 9 9 7 2  
- 9 9 6 1  
.9948 
e9913 
- 9 8 6 5  
.9973 
.9962 
.9949 
.9914 
a9868 
.9973 
m9963 
.995c 
- 9 9 1 6  
a9870 
2Gi2.20 26 
2.5 L; 5 0 2 7  
303.0C 28 
40 Ls . C 0 2 9  
50UeL'O 30 
.9702 
.Q52? 
.9223 
- 9 2 0 3  
e9711 . Y 544 
e9254 
- 9 2 3 1  
.Y731 
.?575 
.93$6 
e9286 
.9737 
a9588 
e9331 
- 9 3 1 2  
.9746 
960 3 
.9357 
.9338 
.9756 
962 1 
e9391 
.9374 
.9758 
- 9 6 2 6  
9430 
.9383 
.Y770 
- 9 6 4 6  
e9436 
- 9 4 2 1  
.9775 
e9655 
.9453 
.9435 
.9786 
966 3 
.9465 
945 1 
652.00 31  
83U.L;S 32 
1ilOLi.i;O 33 
34  131 3.25 
v) 
0 
T R A N S M I S S I V I T I E S  A V E R A G E D  U V E K  F I V E  N A V E Y U M B E R  I N T R E V A L S ,  B E T N E E U  782.C A Y D  791.0 W A V L N U M B E R S  
Z E Y I T H  A N G L E  = 0 D E G R E E S  
7H2.i; 
1 .@:;9; 
1.7"; 
1 . r: .-I 0 3 
.9997 
.9993 
.9999 
.9Y99 
.9Y 99 
.9993 
.9999 
.9999 
.9999 
.9998 
.9998 
.9998 
.9999 
.9997 
.9997 
.9996 
.9995 
.9993 
.Q992 
.99Y*, 
.9985 
.9981 
.9974 
-9364 
-9952 
.091Y 
.9875 
,9789 
.9492 
.9476 
.967a 
7R3.0 
1..23.!9 
1 . s c, ., 2 
1 .a@.?: 
1 . 3 c z 3 
.3999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9939 
.9939 
.99Y9 
.999H 
.9998 
.9998 
.9998 
,9997 
.9996 
.3795 
. 'J994 
.9992 
.39y.: 
.9986 
.9992 
.9Y76 
.3Y66 
.'9954 
.9Y23 
. v 8 a i  
. 9 H I_: .; 
,1695 . '3 5 1 9 
.95*_'6 
784.0 
1.9032 
1 .ooc.3 
1.002i 
1. C3C? 
.9999 
.9999 
.9999 
.9999 
.99Y9 
.9999 
.99q9 
.')999 
.9999 
.7998 
.9998 
.999a 
.99YA 
.9997 
.9596 
.9995 
.9 s94  
,9993  
.93Y 1 
.9987 
.99YZ 
.9S 76 
.9966 
.9955 
.9924 
.9884 
. 9 3 4  
.97;'2 
.os31  
..951Y 
785.G 
1 .',i333 
1.LC90 
1 . t:;:; j 
1. ' 3O i )G 
l.i?,>> 
.Y999 
.9Y99 
.9999 
.Y999 
.Y999 
.9999 
.9939 
.9999 
.9999 
.9998 
. Y996 
.9998 
.9998 
.9997 
.9996 
.999 5 
.9993 
.9992 
.9984 
.9Y 7 8  
.9969 
.9958 
.9929 
.9R91 
. Y Y R ~  
.c)ai8 
.7723 
.Y566 . Y554 
786.1 
1 S S G 3  
1. cco:? 
1.3501 
1 230.) 
1.3303 
.9999 
.Y993 
.9999 
.9999 
.9999 
.9999 
.9999 
.YY99 
.Y998 
.9998 
.9998 
.9998 
.9997 
9996 
.9YY5 
.99Y4 
.Y993 
.9991 
.9987 
.998 3 
.9977 
996 7 
.9956 
.988Y 
. 9 8 1 5  
972,' 
.9564 
. 7 5 5 2  
. 9 ~ 2 r  
787.;: 
1.1)323 
1 . c 4 : 3 
1. Clflt.1: 
1.QCLL 
1.:3;l; 
1 . c; TI ., ? 
1 . C, 0 L .j 
1.COCJ2 
.9999 
.9999 
.9999 
.9999 
.99Y9 
.Y999 
.9999 
.9999 
.9998 
.9998 
.9998 
.9997 
.Y996 
.9994 
.9993 
.9Y 9 i  
-9986  
.9Y81 
.9973 
- 9 9 6 3  
.9937 . 9 9:. 3 
.3837 
-9752  
-9613  
-96c  2 
788 . t  
1.0irt5 
1.CbG3 
1 . 7 C i: 
1 .JiJOS 
l . C i O 3  
1.CT139 
1 .Oi200 
1.i;coc 
l .OCO(J 
1. :'iJtjc 
1.021?5 
1 . I G 0 rj 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 . Y997 
.9997 
.9996 
.9994 
.9992 
.9989 
.9984 
.Y976 
.9967 
.9944 
.9913 
.9853 
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.9997 
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.9994 
.9Y93 
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-9519 
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.9936 
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.9994 
e9992 
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.973i: 
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.30 
.60 
1.20 
1-30 
1.60 
2.30 
2 - 5 9  
3.i;L) 
4.30 
5. L:O 
6.50 
1:.Ll3 
13.173 
16.23 
2 ; .  Gir 
25.ijd 
33.30 
4i .b: 
5c .  3 3  
65.CC 
e;;.r3 
l0b.GC 
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TRANSMISSIVITIES A V E R A G E D  O V E R  FIVE W A V C N U M B E R  INTREVALS, B E T W ~ E Q  792.0 AND 801.0 WAVENUMBERS 
Z E N I T H  A N G L E  = 0 D E G R E E S  
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1. COG,: 
1.T93.2 
1.C709 
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1.CJOt 
.9999 
.999Y 
.9999 
.9999 
.9999 
,9999 
.9998 
.9398 
.9393 
.9997 
.9191 
.9997 
.9996 
,9994 
.9993 
.9991 
.YO89 
.9986 
. 0 9 Y l  
,3975 
.996L 
.9955 
.9924 
.9886 
.9Rll 
.9115 
.7557 
.9 346 
793.0 
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1. DG 3 3 
1.3t;3 
1 . 9; c. 3 5 
.99YY 
.9999 
\ 9999 
.99Y9 
.9999 
.9Y99 
.9998 
.9998 
.Y998 . -7978 
.3997 
.9997 
.9991 
.9936 
.9Y95 . Y 094 
.?,I72 
.999: 
.99RR 
.99h4 
.99 79 
. 9913  
:9963 
.'I951 
.732,: 
.9n79 
.Y8,i . 97.1!1 
.9531 
.95%4 
794.0 
1.00i'; 
1 . OOuqi  
1.0003 
l.U3'?!2 
1 . C C O ?  
1 .00r,9 
1.G;: 
1 . O O i l G  
1. @@Qd 
.9999 
.9s99 
.9s99 
.9979 
.9439 
.9s79 
.9913 
. 9 3 9 8  
.9')38 
.Q931 
.9976 
.7995 
.9994 
.Y99 1 
.9988 
i.ooc? 
.99a3 
..?376 
.Y951 
.7944 
.9915 
.4851 
.Yo64 
.965 5 
. Y la/+ 
795.G 
1 . bC.! 2 
1 . LC40 
1.LCCL 
1 .UrJGZ 
1 . i C m 3 U  
I. ;coo 
.!I999 
.9999 
.Y999 
.9999 
.959Y 
.9999 
.9999 
.9399 
.9Y99 
.9998 
.9398 
.999t3 
.9331 
-9996 
.9995 
.9994 
.9992 
.99R') 
.9996 
.YY8". 
.3912 . '9 9 6 3 
.YY3H 
.99; 5 
.9t343 
.9763 
.'9622 
e Y 6 3 2  
796.2 
1. .]:IC 2 
1. OCiL 
1 CdG-L 
l . X G 5  
,9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.999Y 
.9998 
.9998 
.9998 
9991 
,9997 
.93Yl 
.9996 
.Y994 
.Y993 
.9992 
.99Y - 
.9966 
.9982 
.9315 . Y961 
.9Y 56 
.9YZH 
.9891 
,9821 
913L 
.9581 
.9576 
797.6 
l.CKl? 
l.G?35 
1.CjOG 
1.0 c I- j 
.9999 
.Y 999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9998 
.9998 
.9998 
.9997 
.9996 
.9Y95 
.9994 
.Y993 
-9991 
.9988 
.9984 
.9Y78 
.997\; 
.9961: 
.9933 
.9898 
.4831 
.Y745 
.96- 5 
.3595 
798.9 
1 .SiJr,S 
1.9233 
1.5C!?O 
.9999 
.9999 
.9999 
.9999 
9999 
.99Y9 
.9999 
.9999 
.9999 
.9998 
.9998 
.9998 
,9997 
.9997 
.9997 
9996 
,9994 
.9994 
.9992 
.9993 
9986 
.9982 
. Y976 
.9967 
.9951 
.9929 
.9892 
.9821 
.973c 
.9581 
.957e 
799.3 
l.L!CLIc. 
1 .C'?30 
.?I999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.99Y8 
.9998 
.9998 
.9997 
.9Y97 
.3996 
e9996 
e9996 
.9995 
.9993 
.9992 
.9989 
.9987 
.3983 
,9979 
e9972 
.9962 
.7921 
eYY51 
.9nei 
.98 J 4  
.U7J6 
.9547 
.9535 
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.Y999 
.9999 
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.9399 
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.999Y 
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.9998 
.9998 
.9997 
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.9994 
.9993 
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.9975 
.Y966 
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908 7 
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.9554 
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.9999 
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,9999 
.999d 
.99Y 8 
.9996 . Q99H 
.9997 
.3997 
.3397 
.9996 
.9994 
.9993 
9992 
.9991! 
.9986 
.9983 
.9977 
,9969 
.Y959 
.9932 
.9H9b 
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.3574 
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1 . i; 2 .- 0 
.Y999 
.9999 
.999Y 
.999Y 
.9999 
.999Y 
.9999 
.9999 
.9999 
.9999 
a9998 
.9998 
.9Y98 
.99ua 
.9997 
.9997 
.9996 
.9Y95 
.9993 
.9993 
.999<: 
.9957 
.Y983 
.9977 
- 9  969 
.9959 
- 9 9 3 2  
.9n96 
- 9 8 2 3  
.9 729 
.Y573 
- 9 5 6 2  
8 C t r . C  
1 .(!.*‘?L 
1 .ciilc 
.9999 
.9999 
.9999 
.9999 
.99Y9 
.9999 
.9999 
.9998 
.9998 
.9998 
.9998 
.9998 
.9997 
.9997 
.9996 
.9996 
.9995 
.9994 
.9992 
- 9 9 9 1  
.9989 
.9985 
- 9 9 8 1  
.9975 
.9967 
- 9 9 5 6  
.9929 
,9891 
- 9 8 1 6  
-972C. 
956 1 
.9549 
8 : 9 . :  
1 . *.i j3 
1. - 2 ; 2  
1.’- ‘3 
.9999 
.9YY9 
.9999 
.99q9 
.399Y 
.9Y99 
.9999 
.9999 
.9Y99 
.9999 
.9998 
.Y998 
.9998 
.9997 
.9997 
.9997 
- 9 9 9 6  
.9994 
.9994 
- 9 9 9 2  
.9989 
.3985 
.998S 
.9373 
.9964 
.994c 
.99 ‘ ; R  
.9844 
- 9 7 6 1  
e9623 
- 9 6 1 2  
8 l C . 2  
L.::f;J 
1.:523 
1.i,:*:; 
.9Y 99 
.YY99 
.999Y 
.9999 
.999Y 
.9999 
.999Y 
- 9 9 9 9  
.9999 
.999Y 
.9998 
.9998 
9998 
.9998 
.9997 
.3997 
.9996 
.9995 
.9994 
,9992 
.9995 
.9Y36 
.‘?982 
.9975 
.Y966 
.9943 
.9911 
.9848 
.9 766 
7627 
.9617 
8ll.C. 
1 . 83 c .. 1:. 
1 . c. C ., i, 
1 . I; I., 9 1.;
.9999 
.9Y99 
.99Y9 
.9999 
.9999 
.9999 
.Y9Y9 
.9999 
.Y999 
.9998 
.9998 
.99Y 8 
.999 8 
.9997 
.9997 
- 9 9 9 6  
.9996 
.9994 
.999 3 
.999 1 
.9988 
.998 5 
. 9 9 R j  
- 9 9 7 2  
9 9 6 4  
9941: 
9 9 . ~  7 
.9841 
.Y756 
,9613 
.Y6S3 
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2 
3 
4 
5 
6 
7 
8 
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1 2  
11 
1 2  
13 
1 4  
1 5  
16 
17  
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22 
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28 
29  
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3 4‘ 
T R A N S M I S S I V I T I E S  A V E R A G E D  O V E R  F I V E  WAVE"4UMBER I N T K E V A L S ,  BETWEEN 812.3 AND 821.C' W A V E N U Y B E R S  
Z E N I T H  A N G L E  = D DEGREES 
812.5 
1. COG'; 
1.003,: 
1 .ooo 3 
1.0'3c: 
.9999 
,9799 
.9793 
.9999 
.9993 
.9999 
.9993 
.9999 
.99Y9 
.9999 
.9999 
.9998 
.9398 
.9998 
.9997 
.9997 
.9995 
.9995 
.9993 
.999 1 
.9983 
.9984 
.9978 . 9 9 7 ,I 
.9949 
-9921 
.9865 
.9793 
.'467;' 
.9661 
813.D 
1 .,;LIS@ 
1.1cjc 
1 .??'? 
l.."bLO 
l . = . C ' C  
.9999 
.3979 
.9999 
.9993 
.999Y 
.9999 
.9999 
.9939 
.9999 
,9999 
.99'49 
.Y998 
.9998 
.9998 
.99Y7 
.9996 
.9995 
.9994 
9192 
,1989 
.9985 . '498: . 1972 
. ~ 9 5 3  
.0927 
.4874 
.Y8.5 
.Y657 
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814.3 
1 . O W ?  
1 .rJ134; 
1 .no",? 
1 .LiOGJ 
l.P@d 1 
.9SY.9 
.?I999 
.9999 
.9$99 
.Y999 
.9G99 
. 95Q7 . YS9Y 
.9397 
.9909 
.9998 
.9998 
.0')97 
.9597 
.999 5 
,9995 
.Y993 
.999 1 
.9995 
,9934 
.9978 
.9971 
.Y95:J 
,9938 
-9923 
. 9 8 6 d  
.9795 
.9673 
.9664 
815.i. 
1 .GiJG 
1. J G G G  
1 . m a 2  
1 .L i i l j l l  
1 . .:c1.;3 
1 . ~ ) 3 r ) O  
1 . \>L N:(j 
.9999 
.9999 
.9999 
,1099 
.Y999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.Y998 
.9998 
.3997 
.99Y6 
.9995 
.99Y 3 
,9991 
.9987 
.9975 
. Y93 t 
.98R7 
.9t325 
.972t; 
-9712 
.99az 
.995e 
816.13 
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1 . OI;G,2 
1 .*:Go? 
l.OOC.? 
l..>LCU 
1. t N C 0  
1 . c G c 4 1  
1. J C C S  
.9999 
.9999 
.999Y 
,9999 
.Y999 
.9993 
.9999 
.999Y 
.Y999 
.Y999 
.9Y99 
.379a 
.999'1 
.9937 
.9996 
.9994 
.9992 
.9988 
.998 3 
.9977 
.9961 
.9939 
,9895 
.9537 
.9738 
.9731 
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l.i.3;O 
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1 . C O L C  
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1 . i L :, .3 
.9999 
.9999 
,9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.99Y8 
.99Y7 
-9996 
.9995 
.9993 
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.9988 
.9983 
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.9937 
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.972C 
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.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9v99 
.9999 
.9999 
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.9998 
.9997 
.9997 
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.9999 
.3999 
.3999 
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.9999 
.9999 
.9998 
.9998 
.9997 
.9995 
.9994 
.9Y90 
a9986 
-9981 
e9967 
.9948 
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.9779 
a9772 
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l.C?Jf 
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1.0503 
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1.COCJ 
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.9999 
.9999 
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.Y999 
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.9995 
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-9966 
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8 2 1 , J  
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1 . S G G G  
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.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9998 
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.9994 
.9991 
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e9982 
e9969 
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-9915 
-9869 
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7 
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2 5  
26 
27 
28  
29 
3 z 
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T R A N S M I S S I V I T I E S  A V E R A G E D  O V E Q  F I V E  W A V E N U M B E R  I N T R E V A L S ,  BETWEEN 822.0 AND 831.0 N A V E N U M B E R S  v3 .!= 
Z E N I T H  ANGLE = 0 D E G R E E S  
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.99Y9 
.39Y8 
.9Y98 
.1397 
.9Y95 
.9599 
.Y999 
.9998 
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T R A N S M I S S I V I T I E S  AVEKAGED OVER F I V E  WAVENUMBER I Q T R E V A L S ,  BETWEEN 832.0 AND 841.0 WAVENUMBERS 
Z E N I T H  ANGLE = 0 DEGREES 
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1. OCIOO 
1.003c 
1 .@COG 
1 .ocoo 
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1.1)ooo 
1 . c m o  
1.0093 
1.0092 
1 .a303 
1 .@DO0 
1.coo3 
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.9999 
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.9977 
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1.0009 
1. oooc 
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1 .COG9 
1.00rc 
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1 .oooo 
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1 .coo0 
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.99'39 
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.9994 
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1 .ooou 
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1. GOCO 
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.9999 
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.9Y97 
.9995 
e9992 
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9942 
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836.3 
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1. OOOIj 
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1 .C)QOi; 
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1. oooii 
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.9999 
.9999 
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.9943 
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1. oacjc 
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l.GOO@ 
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.9979 
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1 OGOC 
l.COO0 
1. CI jOO 
1 .oi l00 
l.0DOC 
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1.OL3C 
1. GOO0 
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1.0300 
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.9979 
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.9944 
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9863 
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,9999 
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1.ooou 
1. c;OtJ 
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1 .GOO3 
1 .os03 
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1 .GOO0 
1 5OQO 
1. ODCO 
1.0300 
1 .c300 
1.coo3 
1.LQO3 
1 .ooc3 
1.0003 
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.9999 
.9999 
.9998 
.9997 
.9995 
- 9 9 9 2  
.9989 
.9979 
-9967 
e9946 
.9918 
- 9 8 7 1  
-9867 
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l .GCr ,C  
1 .OGOO 
1.CCLO 
1 . O C C i r  
1.OGh 
1.0030 
1.CICOQ 
1 e O C G O  
1 .OGOO 
1.GOGO 
1.0030 
1. rjooo 
1 mOOG0 
1.0ct0 
1. ooou 
1 .OOGO 
1.oor;o 
1 .coil0 
1.0co0 
1.0000 
.9999 
.9999 
.9999 
e9998 
.9997 
.9995 
- 9 9 9 2  
.9989 
e9980 
m9968 
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a9918 
e9872 
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P R E S S ( M B . 1  
30 
60 
1 .oo 
1.33 
1.60 
2.co 
2 - 5 0  
3.00 
4.00 
5.50 
6.50 
8.60 
1b.30 
13.C.3 
16.30 
20 LO 
25.20 
3 U . C O  
40.CO 
53.kO 
6 5 . t 0  
80.Gi) 
105.00 
135.00 
16C .CO 
20c. 0 0  
255.00 
30b.30 
40L . i o  
50d.GU 
65L1.20 
80 0 0 0 
1CCJ.CC 
10 13.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
1 3  
1 4  
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1 6  
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1 8  
1 9  
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21  
22  
23  
2 4  
25 
26 
27 
2 8  
29  
3 0  
3 1  
32 
33 
3 4  
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(3\ T R A N S M I S S I V I T I E S  A V E R A G E D  O V E R  F I V E  k A V E N U M B E R  I N T R E V A L S ,  BETWEEN 842.0 A N D  8 5 1 . 0  WAVENUMBERS 
Z E N I T H  A N G L E  = 0 D E G R E E S  
1 
2 
3 
4 
5 
6 
7 
8 
Y 
1; 
1 1  
12 
1 3  
14 
15 
16 
1 7  
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1 9 
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2 1  
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2 3  
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2 6  
27  
2 8  
2 9  
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3 1  
3 2  
3 3  
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T R A N S M I S S I V I T I E S  AVERAGED OVER F I V E  WAVENUMBER I N T R E V A L S ,  B E T W E E N  852.0 AND 857.0 W A V E N U M B E R S  
Z E W I T H  ANGLE = 0 D E G R E E S  
852.3 
1 . c30:-1 
1.90oc 
1 .OOQC 
1 .cilos 
1 .QOO3 
1 .C'OOC 
1 .QC03 
1 .coo,; 
1.cco3 
1 .?GOC 
1 .coo0 
1.n902 
1.C302 
1 .Tjoo!j 
1 .OCQj 
1 .CCO? 
1.000r* 
1.cccI: 
1 . C O O 4  
l . C C 2 r )  
1 .?05': 
' .9999 
.9999 
.9998 
.9997 
e9996 
.9993 
.999r, 
a9982 
.9973 
.9953 
e9929 
\o .9089 
4 .9867 
854.L' 
1 .oc 2 3  
1 .c309 
1.0300 
1 .001;3 
1 . o m 3  
1 .O@rJ3 
1 .oi;o3 
1. On?? 
1.0@1)3 
1 .00G3 
1 .oocI: 
1.0003 
1.ooL13 
1.3cou 
I . net? 2 
1 .OCI?? 
1.00r3 
1 . 0 K 2  
1.0039 
1 .ocoo 
1 .ow\; 
.9999 
.9399 
-9998 
.9997 
.9996 
.9993 
.9599 
.5983 
.9973 
,9955 
-9931 
9892 
9891: 
856.2 
1. X Q d  
1. C3&> 
1.30oc 
1.003; 
l.fG0i; 
1.03ou 
1 .030:i 
1.0000 
1.0003 
1. (3093 
1.5.395 
1.03011 
1.COOj 
l.t79!Glj 
1 . ?I I! .'I 
1 .CQ03 
l .O i rC0  
1.300 J 
l . . X J C >  
l . l i i00  
.9999 
.9999 
.9998 
.9997 
9996 
.9993 
.9Y9i, 
.9974 
9956 
.9933 
e9895 
9892 
1 0CO.J 
.99a3  
857.C 
l.LC30 
l.2CGQ 
1 .GOC3 
1.00SO 
1.'-?137,3 
1 e0000 
1.503% 
1 C 3 L  C 
1.JWlj 
l . U O [ i i  
l.CS,C! 
l.OOLi!j  
1.rJOO0 
1.cco; 
1.3c'OrJ 
1 C 30 i3 
1 . L* 0 2 :J 
1.C335 
1 . C O G 3  
l.OQ03 
.9999 
.9999 
e9998 
.9997 
.9996 
,9993 
.999 1 
-9983 
.9974 
.9956 
.9934 
989 7 
.9894 
i.r:occ 
P R E S S ( M B . 1  
.30 
60 
1.c3 
1.30 
1.6G 
2.90 
2.50 
3.co 
4.00 
5.60 
6.5G 
0 -00 
lL.50 
13.0i) 
16.30 
2Li .CG 
25eCO 
3i..I?0 
40.CO 
5G.20 
65.CC 
8C.PO 
1i .L  . t o  
13Q.50 
16GmGO 
2sc.co 
25C.00 
353.i'b 
40i1.00 
5?,7.00 
656 .CC 
8 ; ) i l .CO 
1 G C G . ' - 3  
10 13.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
13 
11 
12 
13 
1 4  
15  
16 
17  
18 
19 
20 
21 
2 2  
2 3  
24 
25 
26 
27 
28 
29 
30 
31 
32 
33  
34 
98 
. . . . . . . . . . -. 
A P P E N D I X  C 
T R A N S M I S S I V I T I E S  AVERAGED OVER 0.1 em-’ IJYIXRVALS BETFJEEN 665.5 and 670.3 eme1 
99 
TR4NSMISSIVITIES AVERAGLD OVER 0.1 W A V E N U M B E R  I N T E R V A L S ,  BETWEEN 665.5 A N D  666.5  WAVENUMBERS 
Z E N I T H  A N G L E  = 0 DEGREES 
0 \ 
665.55 .65 .75 .Y5 .95 666.05 15 .25 - 3 5  666.45 PRESS(MB.1 
1 -0C39 .9999 1 .CI>G@ .'$714 1 . C c C i )  1.2CC3 1.0300 1.COOO 1.OGGO 1.0000 .35 1 
1.00GI: .9999 .9999 ~ 9 6 4 9  1.OCC0 1.C;OG 1.3C5U 1.3003 1.001~1' l.biOf 6G 2 
1 .cJ:,3c .Y998 .9998 1-9552 - 9 9 9 9  l .L 'S33  1.0COC 1.3003 1.00OrJ 1.3QOG 1 .a3 3 
.9999 .9997 .9997 9470 .9398 .9999 .9999 .9999 .99 99 .9999 1 .33  4 
.9399 .9996 .9995 .$I379 .99Y7 .9999 .9999 .9999 .99 99 .9999 1.60 5 
.9999 
.9998 
.9997 
.9995 
.9992 
.Y995 
.9993 
.99Y 2 
.9987 
.9982  
e9392 
,9987 
e9981 
.9964 
.9943 
J '  
:?249 
c .: 8 8 9 9  
j. 8-539 
'.E3179 
: 'I  649 
: .7133 
: 6 4 7 8  
' - 5 5 7 8  
. 4 ? 7 5  
; = 9 0 7 7  
.9995 
.9992 
.9988 
- 9 9 7 8  
.9Y 6 4  
.9998 
.9997 
.9996 
.9992 
.9987 
.9999 
.9998 
.9997 
.9994 
e9991 
.9999 
.9998 
.9997 
.9995 
.9991 
.9999 
.99 98 
.9997 
.9994 
e9991 
.9998 
.9998 
,9997 
.9994 
.999G 
2.03 
2.50 
3 -00 
4.cu 
5 - 0 5  
6 
7 
H 
9 
13 
.9986 
.9979 
.9Y66 
.9943 
,9912 
.I3972 
.9159 
.9938 
.os97 
- 9 8 4 6  
.99C 1 
.9A46 
.9754 
.7503 
.9365 
.99 3 8  
.99r,3 
.9846 
.9735 
.9596 
.9978 
.9967 
.9947 
.99C9 
e9861 
.9984 
.99 76  
- 9 9 6 2  
.9935 
- 9 9 3 1  
- 9 9 8 5  
.9978 
- 9 9 6 5  
.9940 
.99G9 
.9985 
.99 77 
99 6 4  
.99 39 
.99\37 
.9984 
.9975 
.9961 
.9933 
.9899 
6.50 
8.Oi 
13.eij 
1 3 - 6 5  
16.03 
11 
12 
13 
14 
1 5  
- 9 8 6 2  
- 9 7 8 4  
- 9 6 8 9  
.945c 
.9 148 
.976!  
,9630 
.9473 
.go75 
.8587 
.9?2 1 
- 8 5 1 6  
.7951 
- 6 7 3 2  
- 5 5 2 3  
.3846 
' .2891 
.2 141 
.1126 
.a561 
.9369 
.e623 
.6656 
.9 -26  
7688 
978 1 
- 9 6 5 7  
.9537 
.9132 
e 8 6 6 8  
9 8 4 4  
.9756 
- 9 6 4 9  
.938(! 
.9043 
.98 5 8  
.9778 
e9681 
9 4 3 6  
- 9 1 2 9  
.9855 
.9773 
96 7 4  
.9425 
a9112 
. Y 842  
.9753 
- 9 6 4 5  
.9374 
.9c37 
23 .O% 
2 5 . 0 i  
30.00 
4 U .  06 
50 -02 
i a  
17 
18 
19 
22 
.a595 
.7945 
.6977 
.5443 
.3979 
e7723 
.6762 
.5438 
,3636 
.2174 
.3933 
.2696 
1548 
- 0 6 0 2  
.C2C4 
.5113 
.3746 
e2333 
.1:J29 . G4u3 
.7841 
- 6 9 1 2  
e5615 
.3783 
.2312 
.E429 
.7713 
.6659 
e5026 
3526 
e8566 
.79c5 
e6921 
.5365 
3892 
.e541 
.7871 
- 6 8  75 
.5305 
- 3 8 2 6  
.a421 
.7704 
.6650 
.5015 
3 5 1 4  
65.00 
8.;. OG 
190 .oi; 
13O.OG 
16G. OC 
21 
22 
23 
2 4  
25 
e2376 
1 5 7 4  
- 0 4 1 9  
-0C43 . C..!G 3 
.. 965 . Z29G 
.G274 
. :co3 - , ,-. . 
. L ' _  .d 
.1964 
.3794 
- 0 2 7 3  
.3C19 
.5031 
.2288 . i o 0 3  
e3373 
- 0 0 3 2  
. i j O G l  
.2228 
,0962 
.F35G 
.C328 
.ode1 
200.03 
250.00 
300.00 
4 0 0 .  OC 
5Gil.00 
26 
27 
28 
29  
3c 
.COG3 
.a900 
.oooo 
.30GQ 
.ooco 
.oil00 
.oiriio 
.3oco 
650.CO 
830.03 
1G33.00 
1013.25  
31 
32 
33 
34  
T R A N S M I S S I V I T I E S  AVERAGED O V E R  13.1 
Z E N I T H  ANGLE = 0 D E G R E E S  
666.55 
1 .oco0 
1 .ocoo 
1 .000C 
.9999 
.9999 
.9998 
.9997 
.9996 
.9993 
.9989 
-9981 
-9971 
.9955 
.9924 
.9884 
a9819 
e9718 
.9595 
e9289 
e8908 
.E219 
-7426 
a6278 
e4551 
.3)35 
1553 
.0549 
-0157 
-0337 . 0 -3 3 13 
. W G C  
.0303 
.0??30 ' I-' .OCJG 
a65 
.9998 
e9996 
.9993 
.9991 
.9989 
.9987 
.9984 
-9981 
.9376 
e9969 
.9958 
.9944 
-9923 
.9884 
..9835 
.9755 
-9632 
.9485 
.9121 
-8674 
.7879 
.6979 
e5712 
.3895 
.2406 
1386 
-0317 
eCO72 . X O 2  
.00@3 
.CGCO 
.ooco 
.03CO 
.COO0 
.75 
1 .DnOO 
1 .'?Oil0 
.9999 
.9999 
.9998 
.9997 
e9996 
.9994 
.999c 
.9984 
.9973 
.9958 
.3934 
.3888 
-9831 
.9736 
.9589 
e9411 
.a973 
.a438 
.7497 
a6459 
-5348 
-3150 
a1741 
a3655 
-3144 
.?524 
. J O O C  . ;c3c 
.??!IC 
.(?O53 
.C?3CO 
.3OQC 
.85 
1.OG.30 
1 .DO00 
.9999 
.9998 
,9998 
.9996 
.9994 
e9992 
.998 5 
.997 7 
996 1 
e9941 
.9909 
.9847 
.9769 
,9641 
.9 444 
.92;)9 
e8637 
.7953 
.6790 
-5567 
-4013 
.2 154 . J99 1 
.0279 
.!IC40 
.cJ004 
.0033 . 5OG*3 
. c3oc 
.oir33 
.OOGO 
.CS30 
WAVENUMBER I N T E R V A L S t  B E T W E E N  666.5 AND 667.5 WAVENUMBERS 
.95 
.9949 
.9910 
.9872 
.985O 
.9832 
e9813 
.9793 
a9776 
.9743 
-9711 
9662 
e9610 
.9535 
.9407 
92 59 
.9c 35 
.E714 
.a354 
.7540 
a6641 
-5241 
.3912 
-2428 
-0987 
. C 3 2 2  
. OC 52 
. @ G 5 3  
.o.!i; 
.3COO . 0L i j  0 
. L i O  
.GLJiI 
.Odd3 
.o i5c  
667.05 
L-CCOG 
.9999 
.9998 
.9997 
e9996 
.9994 
.9990 
.9985 
.9974 
.9959 
9929 
.9892 
.9829 
.9713 
-9560 
-9316 
.8947 
.7496 
e8513 
-6362 
.4647 
e3133 
1642 
.0485 
.f,198 
. C C . l O  
.CGOO 
.o;r;'o 
.boo0 
. d o 6 3  
.CCGG 
. c o c 3  
. O G C O  
.LGCO 
.15 
1.0000 
.9999 
.9997 
-9996 
.9993 
.9989 
.9983 
a9976 
-9956 
-9930 
.9879 
-9815 
.9708 
.95@4 
-9252 
-8848 
8248 
e7567 
-6076 
.4585 
-2686 
1388 
.e479 
.0@68 
.0007 
.0000 
.oooo 
.000c 
.oooo 
.ab30 
.CDOO 
.3coo 
.ocoo 
.O@OO 
25 
.9999 
.9998 
.9994 
,9990 
.9985 
-9976 
-9962 
.9944 
.9898 
.98 38 
9720 
.9571 
e9326 
-8870 
e8325 
.7497 
.6371 
5234 
e3216 
.1766 
e0602 
-0171 
.0024 
. D O 3 1  
.eo03 
.LOO3 
.ooco 
.a003 
.DO03 
.3003 
.a053 
.uoo3 
.oooo 
.0000 
.35 
e9827 
-9761 
-9645 
.9543 
e9430 
92 69 
.90 56 
.88 37 
a8390 
.79 38 
-7257 
65 76 
5700 
-4511 
.3497 
-2415 
1446 
-0819 
.0221 
Oil 47 
e0003 
.oooo 
.GO00 
,0000 
.oooc) 
.ODGO 
.OOtC 
.ooi)o 
.OOGO 
. o o i o  
.03@0 . oc i.0 
.DOC0 
.09CC 
667.45 
.7945 
e7419 
-6627 
.5994 
5360 
.4557 
3667 
-2920 
1809 
1083 
-0461 
-32 175 
.OC41 
.01)03 
.0000 
.OGOO 
.oooo 
.COG0 
.oooo 
.CGGO 
.oooo 
OGOO 
.GOO0 
.GO00 
.ocoo 
.GOO0 
.coo0 
.a000 
.GOO0 
.coo0 
.c300 
.300@ 
.coo0 
.coo0 
P R E S S ( M B . 1  
30 
60 
1.00 
1.30 
1 e60 
2.00 
2.50 
3.00 
4.00 
5.00 
6.5G 
8.00 
10.00 
13.0i1 
16.00 
20.00 
25.00 
30.00 
40 00 
50.00 
65.00 
80.00 
100.00 
130.00 
160.00 
200.00 
250.01; 
300.00 
4CG.03 
5120.00 
650 00 
BGO 00 
10c0.00 
1013.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
33 
31 
32 
33 
34 
T R A N S M I S S I V I T I E S  A V E R A G E D  O V E R  0.1  
Z E N I T H  ANGLE = 0 D E G R E E S  
Tu 
WAVENUMBER T N T E R V A L S ,  B E T W E E N  667.5 
668.$5  
e8550 
e8216 
.78C 4 
.7484 
e7161 
.6735 
- 6 2 1 5  
.5716 
.4797 
.3994 
2 9 9 5  
e2216 
1 4 4 5  
- 5 7 1 1  
.0322 
.a699 
- 0 0 1 9  
.CCG3 . ;7 c CJ 0 
.9O;G 
. 3 c 3 0  
."3CiO 
.LOO0 
.irJc3 
.I:i)co 
. i f  fO 
.'!r)CO 
.coco 
. b G C i )  
.rli;cij 
. 3 C G 3  
. i C @ O  
.LG:G 
.2dcl3 
.15 
.E895 
a8603 
.E218 
a 7 9 1 4  
- 7 6 0 6  
.7-k95 
-668 8 
.6197 
- 5 2 7 7  
- 4 4 5 2  
- 3 4 0  0 
- 2 5 5 9  
e1717 
.C911 
0 4 7 0  
- 3 1 8 9  
.3057 
eOC15 
.OD01 
. C C 3 d  
eG20C 
. C O G 0  
. O C 2 0  
.oooo 
.ccoo 
.C3UU 
.Lj@GC 
.c.r33 
.0c30 
.i;cci 
.cc3c . cc 06 
.5303 
.GOD6 
2 5  
.9087 
e8866 
- 8 6 1 5  
8 4 3 0  
- 8 2 4 8  
.800 7 
- 7 7 0 8  
- 7 4 1 2  
- 6 8 3 1  
e6277 
.5501 
.4797 
,3957 
2 8 9 2  
-206G 
1 2 7 3  
- 0 6 6 7  
.a339 
.a081 
- 3 3 1 7  
.200l 
.soco 
.?OCG 
.COG3 
.CDC3 
.DOG; 
.03G!3 
.!1000 . ooc 0 . ;oc-3 
.DOC :: 
.DOC3 
.3Ct3 
3003 
AND 6 6 8 . 5  WAVENUMBERS 
.35 
- 8 9  2 4  
.a543 
e 8 1 5 6  
.7928 
- 7 6 9 0  
7 4 2 8  
- 7 1 2 9  
68 50 
- 6 3 3 1  
.58 57 
- 5 2 1 5  
- 4 6 4 5  
3968 
.33 83 
e2348 
.1583 
0 9  20  
e0506 
e 0 1 3 1  
.0028 
.3LC2 
.03 05 
.OLiO'i 
.03C3 
.OD.3@ 
.9030 
.9aco 
.cicr)  . GC GG 
.03:Ci 
. G C Y ( i  
.CGCC 
.OL?i lO 
.coco 
6 6 8  a45 
- 9 2 1 8  
.E877 
.8 5 4 4  
- 8  342 
a8172 
7 9 7 6  
- 7 7 6 1  
7 5 6 4  
-72C.1 
a6867 
6 4 0 2  
.5977 
.5449 
a4705 
4 0 2 4  
- 3 2 2 1  
2 386 
1 7 2 7  
.1)845 
.3380 
.ZC98 
.3L\21 
.i.032 
.b.COO . , jCC 0 
.GCU3 . COOC 
.iC3C . CCCC 
,3000 
.3oco 
-0GOG . c1000 
.3r;00 
P R E S S ( M 8 . I  
.30 
61: 
1 .os 
1.32 
1-61, 
2.0ij  
2.59 
3.03 
4.0; 
5.06 
6.56 
8.Od 
13.00 
13.OG 
16.Gf 
2G. 0 3  
25.03 
30.0G 
4 2 . @ j  
5 J .  0 3  
65.03  
83.05 
13C.OJ 
130.00 
160 .OS 
291;. 03 
253.0C 
3CJ.00 
4ciD.00 
5G0 00 
65C.OC 
803.0*2 
LOJO.OC? 
10 13.25 
1 
2 
3 
4 
5 
b 
7 
8 
9 
12 
1 1  
12  
13  
1 4  
15 
16 
1 7  
18  
1 9  
2 ;  
2 1  
2 2  
23 
2 4  
25 
2 6  
27  
2 8  
2 9  
3 ,  
3 1  
32  
33 
3 4  
T R A N S M I S S I V I T I E S  A V E R A G E D  OVER 0.1 WAVENUMBER I N T E R V A L S ,  B E T W E E N  668.5 A N D  669.5  WAVENUMBERS 
Z E N I T H  A N G L E  = 0 D E G R E E S  
668.55 
.9407 
.9175 
.E961 
.A832 
.a717 
a8586 
.a437 
.8:>37 
.7791 
.a298 
.7442 
.7115 
.6699 
.6 ;9C 
.55!?7 
.4778 
.396? 
.3249 
.2132 
1362 
.65 
e9467 
.9216 
.a997 
.H764 
.8644 
.e512 
.R393 
.R172 
.7958 
.7b81> 
.7411 
,7568 
-6561  
.6;hb 
.543 7 
.47: 8 
.4::'49 
.2943 
.21197 
.12"9 . '. 6 6 1 
.:275 
.'-Ch4 . ,213 
'.: .I 1 . . '" 3 2  .. 1 - 3  
,>-;e. . - \  - 1 3  . " u c u 
. e a69  
. - _ .  
- -  . . . f ?  . : I s ?  1 . (9';; 
,' ,- 7 . T  . *: . . 
.75 
.971:7 
.9535 
a9376 
.3282 
.Y2c-5 
e912W 
.9329 
.E948 
.86 73 
.9487 
.E317 
.81G? 
.7772 
.7442 
.7:C2 
646 1 
.5935 
.4946 
.4357 
.2914 
.23c 1 
-1135  
. i 4 2 7  
. C  14 : 
.c's!26 . c ; .? 2 
. !?Js; . ;;e ;. 
. (. .: ? : 
.c3;,; 
. - ( - ? I :  
. a ~ c 2  
- - .  ,.'. - -  
. .. . - . ."rU ' 
.85 
.9779 
e9629 
.9482 
.9397 
.933u 
.9256 
. 9 1 8 t  
.Y115 
.9'j93 . a898 
.E758 
e8629 
.a464 
.e214 
.7959 
.7615 
.6 749 
.59!?8 
.5113 
.4';18 
.3058 
.2i\24 
.'I434 
.i 124 
.L519 
. C L ! > 2  . j i ? C  
.:r,C. 
, ;j 3 :f p . 3 I! 7 I 
. i . j : C  
.I.< 
. 7 i a i  
.;.sa9 
.35 
.9815 
.9677 
.9536 
.9453 
.9387 
-9318  
e9247 
.9187 
.9.185 
.E996 
.e1177 
.8773 
.e432 
.ti227 
.7950 
.76 tC 
,7251  
,6558  
.5885 
.4914 
.41:.,'.5 
-2935  
. 1 7 i  1 
.(I899 
.il333 . v - 74 
.i 11 . c ,  '?? 
. C a b >  
e8635 
I - -  - .. . . ' J  . c . c : . c :. '_ 3 
,> ; .I... , - - 
669.25 
.9898 
.9816 
,9673  
e9727 
-9631  
.9585 
.3543 
-9562  
.9438 
.9383 
e9313 
-9244  
e9163 
. 9033  
.E895 
.87C7 
8458 
8197 
7648 
-7U71 
a6173 
5265 
e4134 
-2616  
e1523 
644  
.d 172 
. - c  33 . $1 3 2 .j .; :s:l 
. '., < c 
. : .:: 3 
.:c!:; 
- 4.. t-  -: . - . .  
. I 5  
.9927 
.9865 
.9792 
.9746 
.975.8 
-9669  
.9628 
.9595 
.9543 
.9493 
.9432 
.9377 
.9336 
.9198 
.9?85  
.E925 
.8708 
.e477 
.7973 
.7427 
.6547 
.4431 
.2852 
. l h 6 8  
.c7.14 
.C186 
.OC36 
.-. n 3 
563 1 
. L C C J  . . .. 
.-.- . 1. c ., .J . - L L1.J . .I c, : .: 
3i 
, - . *  
e25  
.99 53 
-9913  
.3857 
e9822 
.9792 
-9763  
-9727  
.9699 
-9653  
96C.8 
.9549 
.9494 
-9419  
-9296  
- 9 1 6 1  
-896C 
e8677 
e8364 
-7668  
-6913  
e5732 
459 1 
-3253  
1761 
.dR59 
.5282 
.5353 . ci?; 7 . :oL3 
.b9c:c 
..:3:2 . \-, r) 2 3 . :: t c 2 . i3 :.? 
. 35  
.9745 
-9673  
-9589  
.9527 
a9468 
.9392 
.9298 
.92.;6 
a9326 
.88 52 
e861 1 
.83 60 
. 8 3  50 
.75 9 3  
e7148 
65  79 
,5925  
-5327  
.43L 7 
-3446  
- 2 3 8 3  
.1585 
.DE63 . J 3 1 il 
.0:96 
-32 1 6  . c G .-, 1 . 0 3 'J ,: 
.03LG 
.ou;c' 
. c 3 c 3.; 
.03L: 
. 2 c ,- 1:. 
- *  
Y', C 
669.45 
.9979 
.9959 
-9932 
e9914 
.Y 899 
.988 1 
e9863  
.9848 
.982C 
.9795 
9758 
-9720 
.9667 
.9574 
e9465 
-9296  
.9t?46 
.a757 
.8i;77 
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shall provide for the widest practicable aiid appropriate dissemination 
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